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PREFACE 


This Navy Training Course is one of a series of training courses pre¬ 
pared especially for enlisted personnel of the U. S. Navy and Naval Re¬ 
serve who are preparing for advancement to ATI and ATC. Since all per¬ 
sonnel seeking advancement to these levels are held responsible for the 
entire contents of this training course, a study guide has not been included. 

This training course is a revision of the course AT 1 & C, NavPers 
10318, that was published in 1957. Approximately 60 percent of the ma¬ 
terial in this revision concerns subjects that were not covered in the 
original course. Chapters 1 and 2 are nontechnical in nature and relate to 
(1) the duties and responsibilities of senior petty officers and (2) supply 
and publications. The remaining 13 chapters relate to the technical aspects 
of the rating at the First Class and Chief levels. 

Subject matter presented relates to RC and RL networks including 
transient and nonsinusoidal voltages, triangular waves, phase shifting, and 
resistance-capacitance oscillators; special circuits including limiters, 
ff 1 clippers, d-c restorers, time-base and square wave generators, the block¬ 

ing oscillator, counting circuits, AFC, and delay and marker systems; 
propagation of radio waves; waveguides and cavity resonators; UHF and 
microwave techniques including triode oscillators, magnetron oscillators, 
velocity-modulated tubes, and crystal mixers; UHF and microwave an¬ 
tennas; servomechanisms; transistorized circuitry along with a discussion 
of basic circuits, typical application of transistors, and servicing tech¬ 
niques; principles of television and its application to naval aviation; intro¬ 
duction to digital computers including terms, binary system of numbers, 
typical circuits, and applications; and electronic equipment, test equip¬ 
ment and maintenance techniques. 

This training course, Aviation Electronics Technician 1 & C, NavPers 
10318-A, has been prepared by the United States Navy Training Publica¬ 
tions Center, Memphis, Tennessee, and the Training Division of the Bureau 
of Naval Personnel. Credit is also given to the Aviation Electronics Tech¬ 
nician School, Memphis, Tennessee, for preparation of the end-of-chapter 
questions. 

First edition 1957 
Revised 1961 
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ACTIVE DUTY ADVANCEMENT REQUIREMENTS 


REQUIREMENTS * 

El to E2jj 




mm 

to E7 t 

E7 to E8 

E8 to E9 

s 

SERVICE 

4 mos. 
ervice— 

or 

comple¬ 
tion of 
recruit 
training. 

6 mos. 
as E-2. 

6 mos. 
as E-3. 

12 mos. 
as E-4. 

24 mos. 
as E-5. 

36 mos. 
as E-6. 

48 mos. 
as E-7. 

8 of 11 
years 
total 
service 
must be 
enlisted. 
Must be 
perma¬ 
nent 
appoint¬ 
ment. 

24 mos. 
as E-8. 

10 of 13 
years 
total 
service 
must be 
enlisted. 

SCHOOL 

Recruit 

Training. 


Class A 
for PR3, 
DT3, PT3 



Class B 
for AGCA, 
MUCA, 
MNCA. 

PRACTICAL 

FACTORS 

Locally 

prepared 

check¬ 

offs. 

Records of Practical Factors, NavPers 760, mus 
completed for E-3 and all PO advancements. 

be 

PERFORMANCE 

TEST 


Specified ratings must complete 
applicable performance tests be¬ 
fore taking examinations. 



ENLISTED 

PERFORMANCE 

EVALUATION 

As used by CO 
when approving 
advancement. 

Counts toward performance factor credit in ad¬ 
vancement multiple. 

EXAMINATIONS 

Locally prepared 
tests. 

Service-wide examinations required 
for all PO advancements. 

Service-wide, 
selection board, 
and physical. 

NAVY TRAINING 
COURSE (INCLUD 
ING MILITARY 
REQUIREMENTS) 


Required for E-3 and all PO advancements 
unless waived because of school comple¬ 
tion, but need not be repeated if identical 
course has already been completed. See 
NavPers 10052 (current edition). 

Correspondence 
courses and 
recommended 
reading. See 
NavPers 10052 
(current edition). 


AUTHORIZATION 


Commanding 

Officer 


U.S. Naval Examining Center 


Bureau of Naval Personnel 


TARS are advanced to fill vacancies and must be ap¬ 
proved by CNARESTRA. 


* All advancements require commanding officer’s recommendation, 
t 2 years obligated service required. 

\ 3 years obligated service required. 
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INACTIVE DUTY ADVANCEMENT REQUIREMENTS 


REQUIREMENTS * 

El to E2 

E2 to E, 

E3 to E^ 

E4 to E51E5 to E4 

E6 to E7 

E8 

E9 


FOR THESE 










DRILLS PER 










YEAR 









TOTAL 

48 

6 mos. 

6 mos. 

15 mos. 

18 mos. 

24 mos. 

36 mos. 

48 mos. 

24 mos. 

TIME 

24 

9 mos. 

9 mos. 

15 mos. 

1 8 mos. 

24 mos. 

36 mos. 

48 mos. 

24 mos. 

IN 

NON- 









GRADE 

DRILLING 

12 mos. 

24 mos. 

24 mos. 

36 mos. 

48 mos. 

48 mos. 



DRILLS 

48 

18 

18 

45 

54 

72 

108 

144 

72 

ATTENDED 










IN 

24 

16 

16 

27 

32 

42 

64 

85 

32 

GRADE f 










TOTAL 

48 

14 days 

4 days 

14 days 

14 days 

28 days 

42 days 

56 days 

28 days 

TRAINING 

24 

14 days 

4 days 

14 days 

14 days 

28 days 

42 days 

56 days 

28 days 

DUTY IN 

NON- 









GRADE t 

DRILLING 

None 

None 

14 days 

4 days 

28 days 

28 days 



performance 




Specified ratings must complete 

applicable 

TESTS 




performance tests before taking exami 

- 




* 

nation. 






PRACTICAL FACTORS 
(INCLUDING MILITARY 
REQUIREMENTS) 


Record of Practical Factors, NavPers 760, must be completed 
for all advancements. 


NAVY TRAINING 
COURSE (INCLUDING 
MILITARY REQUIRE¬ 
MENTS) 


Completion of applicable course or courses must be entered 
in service record. 


examination 


authorization 


Standard exams are used where available, 
otherwise locally prepared exams are used. 


District commandant or CNARESTRA 


Standard EXAM, 
Selection 
Board, and 
Physical. 


Bureau of Naval 
Personnel 


* Recommendation by commanding officer required for all advancements, 
t Active duty periods may be substituted for drills and training duty. 
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THE UNITED STATES NAVY 

GUARDIAN OF OUR COUNTRY 

The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 

It is upon the maintenance of this control that our country’s glorious 
future depends; the United States Navy exists to make it so. 


WE SERVE WITH HONOR 

Tradition, valor, and victory are the Navy’s heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 

At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 

Our responsibilities sober us; our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with honor. 


THE FUTURE OF THE NAVY 

The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in the air. 

Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 

Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater. 
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READING LIST 


NAVY TRAINING COURSES 


Basic Electricity, NavPers 10086-A 

Basic Electronics, NavPers 10087 (current edition) 

AT 3 & 2, NavPers 10317-A 

Mathematics, Vol. 1, NavPers 10069-B 

Mathematics, Vol. 2, NavPers 10070-A 

Basic Hand Tool Skills, NavPers 10085 

Basic Machines, NavPers 10624 

Standard First Aid Training Course, NavPers 10081 

U. S. Navy Safety Precautions, OpNav 34P1 (chapter 18) 


USAFI TEXTS 

For additional reading and study, the United States Armed Forces In¬ 
stitute (USAFI) courses are available through your Information and Edu¬ 
cation Officer.* A partial list of those courses applicable to your rate 
follows: 


NUMBER 

TITLE 

C 164 

Beginning Algebra I 

C 165 

Beginning Algebra II 

C 188 

Trigonometry 

C 290 

Physics I 

C 291 

Physics II 


♦“Members of the United States Armed Forces Reserve components 
when on active duty, are eligible to enroll for USAFI courses, services' 
and materials if the orders calling them to active duty specify a period of 
120 days or more, or if they have been on active duty for a period of 120 
days or more, regardless of the time specified in the active duty orders ’’ 



















CHAPTER 1 


DUTIES AND RESPONSIBILITIES 


As a part of the Navy's training program, 
this Navy Training Course is written for the 
purpose of aiding you to prepare for advance¬ 
ment in rating. In order to meet the require¬ 
ments for advancement you must have gained a 
wide background of practical experience in the 
field of aviation electricity and electronics, and 
you must also possess a thorough knowledge of 
these subjects from the standpoint of theory. 
Your past years of naval experience have af¬ 
forded you an opportunity to equip yourself with 
much of the knowledge and many of the skills that 
will be of valuable assistance as you progress 
in your naval work. You should become thoroughly 
familiar with the contents of the Navy Training 
ourses given in the preface of this course; for 
ese are essentially prerequisites to the publi¬ 
cation that you are now going to study. 


ADVANCEMENT IN RATING 

tha Advanc ^ n S to ATI or ATC means much more 
n an increase in pay and the acquiring of the 
Privileges of a first class or chief petty officer. 

.. , s S ^ Navy l ac *der of success means 

you must increase your knowledge and skills 
the re * ate to Your field. You must assume 
va ® SP °?u ibi ! ity of training men as they ad- 
meanc+K ? e field of naval electronics. Also, it 
worir J^ mUCh 0f your time win be devoted to 
von Turn t supervisory nature, and in doing this 
required to assume duties that are 
d- . . at new - You wil1 be required to make 
ohol nS| ln many situations you will be in 
„ * of the electronics department of an ac- 
vlt Y or squadron. 

You should be able to perform all of the 
P oie ssi ° nal j 0bs that are required of an Aviation 

thp 0 Cr ° n i. CS Technician - Unless you can perform 
e jobs you cannot expect to command the 



1 


respect of your men and your officers. You must 
be able to lead, supervise, and train men; 
organize and administer electronics shops en¬ 
gaged in the maintenance and repair of electronic 
equipment; and stow, preserve, and account for 
supplies and spare parts. 

There are several good reasons for ad¬ 
vancing in rating. Some of these are primarily 
advantageous to the individual and others are 
primarily advantageous to the Navy. 

You profit personally from the additional 
ability that you derive from the study and other 
efforts that you must make in order to advance. 
You are a better educated and trained man. It is 
a boost to your pride and morale to be able to do 
your job better and to understand more com¬ 
pletely the various aspects of your rating. Also, it 
pays you monetarily. You have more means’to 
support yourself and your family, thereby pro¬ 
viding a higher standard of living. You have a 
feeling of accomplishment since you know that 
you are getting ahead in your chosen career 
field. By climbing farther up the leadership 
ladder, you are in a better position to lead and 
guide the efforts of others, watching them grow 
and develop into efficient workmen and finer 
individuals. 


.... pi uxiib as personnel advance 

m rating, since they can render greater benlm 
to their branch of military service Per™® 
are better qualified and are able to performCir 
duties more efficiently thev pc« rn J their 

training to others, and they canmoreeffe ^ tter 
discharge their increasing responsiWm tlVely 
connection with the management funnl* 1 ™ 
supervision. They move up to repLc^th 10 " 8 ° f 

have been promoted or retired therl‘ h 6 Who 

room for the individual who wantsTo1”^ 
their position; that alone is good for in 6 lnto 
of all concerned. As a result Z “ 0ral e 
better trained and happier persomei! V has 
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Training Courses 

Navy Training Courses are written to pro¬ 
vide enlisted personnel with training informa¬ 
tion needed to qualify for advancement. They are 
organized in such manner that they may be used 
with a minimum of supervision. It is recognized 
that no book is a substitute for actual experience. 
However, many of the men who desire to advance 
in rating do not have the opportunity to work at 
their specific job and must depend on training 
courses as their source of information. For this 
reason, Navy Training Courses are designed as 
self-study texts with a maximum of illustrations 
and with the text written in readable and con¬ 
versational style. 


This Training Course 

In the performance of practical work, pro¬ 
ficiency comes with practice and experience, for 
which no book, however helpful, can be an ade¬ 
quate substitute. On the other hand, you will find, 
in preparing for the written examination, that no 
amount of proficiency in practical work can take 
the place of the knowledge on which you may be 
examined. This course has been prepared to as¬ 
sist you in acquiring the knowledge that you will 
need in order to pass the exam for advancement 
to ATI and ATC. It is designed to give appro¬ 
priate personnel the sort of self-study help that 
they need, especially in those cases where there 
is little opportunity for a well-conducted training 
program or little chance of attending a service 
school. 


CONTENTS 

There are 15 chapters in this training course. 
This chapter is an introduction to the course. 
It is nontechnical in nature and is for the pur¬ 
pose of introducing you to the course. It sets 
forth your duties as a senior petty officer, de¬ 
scribes the types of assignments that you may 
expect to fill, and explains the meaning of the 
various qualifications that you must fulfill in 
order to advance in rating. It describes some of 
the publications that you should refer to when 
studying for advancement and lists some general 
suggestions for study. Squadron or activity 
organization is discussed, along with the various 
maintenance levels and the tasks that are to be 
accomplished at each level. Duties of the senior 


petty officer are discussed from the standpoints jo 
of the preparation and maintenance of logs, b 
records, and reports; shop administration; and !S 

training the men under you. t . . * 

The other chapters deal with the technical n 
aspects of the rates of Aviation Electronics 
Technician, First Class and Chief. Chapter 2 . 
deals with the problems and re sponsibilitie s that 
relate to supply on the shop level; it also dis- j 
cusses many of the publications with which you . 
should be familiar. RC and RL networks are 
presented in chapter 3. It deals with transient j 
and nonsinusoidal voltages; transient voltages in 
RC and RL circuits; triangular waves in RCand 
RL circuits; phase shifting; and resistance- 
capacitance oscillators. Chapters 4 and 5 are de¬ 
voted to a discussion of special circuits. These 
include limiters and clippers, d-c restorers, 
time-base generators, square-wave generators, 
the blocking oscillator, counting circuits, auto¬ 
matic frequency control, delay systems, and 
marker systems. 

The propagation of radio waves is presented 
in chapter 6. This discussion centers around the 
topics of electromagnetic fields in space, iono¬ 
spheric variations, ground-and sky-wave propa¬ 
gation, frequency, antenna site, and radar range 
considerations. Chapter 7 presents information 
on the topics of waveguides and cavity resona¬ 
tors. Waveguides are discussed from the stand¬ 
points of theory, introducing fields into a wave¬ 
guide, and bends, twists, joints and termination. 

The treatment of cavity resonators relates to the 

fields in a cavity, how the cavity is excited, and 
uses of cavities. The chapter ends with a dis¬ 
cussion of duplexer systems along with a de¬ 
scription of a complete waveguide system. 

UHF and microwave techniques are dis¬ 
cussed in chapter 8. First the advantages of high 
frequencies are given and then the frequency 
limitations of conventional oscillators are dis¬ 
cussed. Also, triode oscillators, magnetron 
oscillators, velocity-modulated tubes, and crys¬ 
tal mixers are covered. Chapter 9 relates to 
the various types of UHF and microwave an¬ 
tennas. Various types of antenna arrays are ex¬ 
plained and typical airborne antennas are de¬ 
scribed. 

The applications of servomechanisms to air¬ 
craft electronic systems along with a discussion 
of (1) the components of a servomechanism 
system and (2) typical circuit functions are giver 
in chapter 10. Transistorized circuitry is dis¬ 
cussed in chapter 11. The chapter begins with a 
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Chapter 1 - DUTIES AND RESPONSIBILITIES 


2 review of basic transistor circuits; typical ap- 
\ plications of transistors to radio receivers and 
l power supplies are given; transistor servicing 
techniques are presented; and applications to 
1 airborne equipment completes the chapter. 

5 Chapter 12 is devoted to a discussion of the 
principles of television and of how television is 
' being used in naval aviation. An introduction to 
digital computers is given in chapter 13. Inf or- 
1 mation given relates to terms used, binary sys- 
^ tem of numbers, typical circuits, and applica- 
k tions of digital computers to airborne use. 
^ Chapters 14 and 15 relate to electronic equip- 
, ment and related test equipment; special test 
equipment; and maintenance techniques. 

1 Besides the chapters described above, the 
>i preliminary part of the course includes a reading 
1 Hst, study guide, table of contents, preface, and 
v the credo. At the end of each chapter there is a 
quiz, which you should use in your review of the 
chapters, hi the back part of the course you will 
find the answers to the quizzes and the qualifica- 
f tions for advancement in the Aviation Electronics 
Technician rating. Also, the course contains an 
index. 


HOW TO USE Tins COURSE 

Proper use of this training course will 
Peatly aid you in preparing for advancement in 
rating to Aviation Electronics Technician, First 
ass and Chief. Some individuals may make 
thp m i Sta , ke °* merel y studying the answers to 

will *°v.I Chapter ( l uizzes - The ones who do this 
wui not obtain much benefit from the course. As 

examination for advancement will contain 
questions not included in the end-of-chapter 
quizes the persons who study the text material 
roughly will find themselves better qualified 
t0 pass the examination. 

t Since y° u have advanced to Aviation Elec- 
ronics Technician, Second Class or First Class, 
y u may have already adopted a method for using 
fniw mater *ial similar to this. However, the 
. m5 ™ et hod will provide you with a pro- 

th Q fhat will enable this course to be used to 

the best advantage. 

y °y 15651,1 stud ying this course, turn to 
t . e ^ c °ntents to learn the page number 
m . a PP end * x that lists the Equals'' re quire- 

oiiiroH* ^™y stud y the qualifications re- 
*i 01 the rate to which you are advancing. 

> remember that you are held responsible 


for the requirements of all rates below the rate 
to which you are advancing. 

When you think you have mastered the ma¬ 
terial of a chapter, turn to the end-of-chapter 
quiz. Indicate your answers on a separate piece 
of paper. Then turn to the answers in the appendix 
and check your responses. If some of your 
answers are incorrect, there may be one of 
several reasons for it. You may not have 
studied the material that the text items cover 
sufficiently to master it. Another possibility is 
that you failed to read the test items carefully 
and completely. You should study again all the 
material covered by test items that you answered 
incorrectly due to lack of understanding or 
failure to master the subject matter. 

NOTE: Ability to answer all the questions of 
all the quizzes does not necessarily mean that 
you have mastered all the subject matter. The 
quizzes will help you to review much of the ma¬ 
terial, but they are no substitute for mastery of 
the material page by page. 

As you study the material in this training 
course, you will find it helpful to read other 
references on the subject. Some of the most im¬ 
portant of these are included in the reading list 
in the front of this book. 


ill uuxmeunun wun reierence material, you 
should become familiar with a BuPers publica¬ 
tion titled Training Publications for Advance¬ 
ment in Rating, NavPers 10052. The NavPers 
number is followed by a letter suffix which 
indicates the date of publication; presently the 
latest issue is NavPers 10052-H. This publica 
tion is a bibliography of Navy Training Courses 

and other publications required or recommended 

for study by naval personnel who are preparing- 
for advancement. Publications are listed for earh 
ratmg and provide a working list of material for 
enlisted personnel to study in preparation £ 
qualification in the duties*^the vTrTousV°e 
levels of that rating. Training courses marked 
by an asterisk must be completed for s"c 
rate levels before you are eligible to take the 
advancement examination. It must be , 

that, as indicated in the MamZlofcJ 
tions for Advancement in Ratine 
(Revised), all higher pay grades u 18068 

booklet may be held responsible for he m *“ ‘ hls 

SS 1 ;!**■» - 

Publications for Advancement ti Rar * T J ai «ing 
effective use win be made^iTo!,^ 
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concurrent reference to the Quals Manual. Here 
again, it must be assured that the latest change 
to the manual is being used. 

Another publication with which you should be- 
come familiar is the List of Training Manuals 
and Correspondence Courses, NavPers 10061- 
(letter suffix). This publication is distributed to 
all ships and stations to inform them of the 
latest available training manuals and corre¬ 
spondence courses; it is revised semiannually 
(January and July). Publications listed include 
Navy Training Courses; Enlisted Correspond¬ 
ence Courses {Aviation Electronics Technician 
1 & C, for example); Officer Textbooks; Officer 
Correspondence Courses, such as Naval Orien¬ 
tation-, and Special Purpose Publications, such as 
study guides for various rates and ratings. 

The Enlisted Correspondence Course is de¬ 
signed for individual study and is used to develop 
a knowledge of the Navy Training Course. Partic¬ 
ipation in the Correspondence Course Program 
is on a voluntary basis, since mandatory com¬ 
pletion of Navy Training Courses may be ac¬ 
complished bypassing (1) either locally prepared 
and administered tests based on the subject 
matter of the Navy Training Courses or (2) En¬ 
listed Correspondence Courses based on the 
Navy Training Courses. 


Officer Texts and Officer Correspondence 
Courses are designed as self-study materials to 
assist officers in improving their professional 
qualifications and broadening their general 
knowledge of naval subjects. All officer courses 
are open to warrant officers and chief petty of¬ 
ficers. Qualified enlisted personnel of lower 
rates are eligible if recommended by their 
commanding officers. 


Application for training manuals and cor¬ 
respondence courses should be made through the 
local information and education (I and E) office. 


MILITARY LEADER AND 
TECHNICAL SPECIALIST 


or technical (professional) duties. However, 
both type duties are discussed. 


As a Navy petty officer you are both a mili¬ 
tary leader and a technical specialist. In your 
work, of course, these two phases go together. 
As a petty officer, you have certain general or 
military duties; and as a specialist, you have 
certain professional or technical duties. And 
you are responsible for attaining proficiency 
in both phases of a petty officer’s work. This 
course deals primarily with your specialist 


Military Duties 


LEADERSHIP 


Since you have been a petty officer for some i 
time, you realize that more leadership is re- s 
quired of the higher rates. Not only are you re- \ 
quired to have superior knowledge, but you are 
also required to have the ability to handle per¬ 
sonnel. This ability increases in importance as 
you advance through the various rates as a 
petty officer. More and more your worth to the 
Navy will be judged on the basis of the amount 
of efficient work you obtain from your sub¬ 
ordinates rather than how much of the actual 
work you do yourself. You will be required to 
perform the composite role of master technician, 
leader, supervisor, inspector, and instructor. 

Leadership involves organizing the activitie 
of group members toward the accomplishment oi 
a given task. Successful leadership, like anything 
else, takes practice. Be willing to accept 
responsibility and you will find yourself enjoying 
responsibility. Make yourself a leader 
will gladly follow. From their respectful attituae 
toward you, you will get a strong sense oi 

satisfaction. . 

Much of what is presented in subsequen 
paragraphs is written in terms of shop supe 
vision; this information applies equally^ _ 
leadership. In fact, supervision is an aspect o 
leadership. It is the technique by which you 
intelligently guide the activities of your men. 

Good organization provides the struc 
through which plans are formulated, clear c 
lines of communication are established, au¬ 
thority and responsibility are delegated, qua i 
and quantity of work are achieved, materia s a 
procured, and missions are accomplished, in 
organizational structure in which you func i 
depends on the type of duty to which you are as 
signed. . 

No matter what the type of organization 
structure, the senior AT should know the fo ■ 
lowing: . ., 

1. To whom you and your men are direc 

responsible. . 

2. Where you can go for advice and assis 
ance. 


ance. . 

Where your orders and assignments origi 
nate. 
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4, Exactly what your superiors expect from 
you. 

5. Just what your men and equipment are 
capable of doing. 

As a supervisor you will occupy an impor¬ 
tant position in the maintenance department of 
your activity or squadron. You will be the link 
in the chain of command between your officers 
ti and your men. Consequently, you must be 
rf thoroughly familiar with the organization of your 
& activity or squadron. 


SUPERVISORY TECHNIQUES 


& Discipline 

As a leading AT, it is your responsibility 
to organize your shop and men so that the tasks 
of the electronics shop can be accomplished with 
speed and accuracy. The duties and responsi¬ 
bilities of each man are spelled out in detail 
within a good organization. Each man knows 
exactly what is expected of him. However, you 
know from past experience that the mere listing 
of duties does not necessarily get the job done. 

The established routine of work activity must 
be reinforced by discipline. The leading AT's 
problems of supervision and maintenance of 
scipline are complicated because in this cate¬ 
gory you are dealing with human beings and not 
the inanimate mechanical or electrical compo¬ 
nents of a piece of equipment. This means that 
you must supervise in a calm and understand- 
ing manner to get prompt and willing compliance 

p, i «* p B- You will command more respect and 

fair. T er results by bein & reasonable and 
' . ai ™ e ss is not to be confused with laxity 
or undue leniency. 

Routine Procedure 

certain that your men know what is ex¬ 
pected of them. You can not expect anyone to do 
sa isfactory job unless his instructions are 
ear. You should have a standard operating 
Procedure for all routine tasks. Have all of the 
men learn these procedures thoroughly. In cer- 
ain complex or dangerous operations no devia- 
r? ™ the standard procedure should be per- 
Howe ver, if a man can perform his work 
sat^factoriiy by a method different from yours, 

and i h / S 4 method is at least as fast, safe, 
ficient, let him do the job his way. In fact. 


u- u • u*- :“ wuia 6 c suggestions 

which might improve the quantity, quality, safety 
or economy of the work. y ’ 


In scheduling your work, remember that your 
men will need occasional breaks and periods of 
relaxation. If the factor of fatigue is not taken 
into consideration, work will fall behind schedule. 
On the other hand, if you grant an excessive 
number of breaks, you may lose control over 
your men. You must strive for a happy medium 
in each situation, and be flexible enough to allow 
for changing conditions. Make the standards of 
conduct consistent for everyone working under 
your supervision. Favoritism should never be 
shown. 


Praise and Censure 


There is a common misconception that dis¬ 
cipline is merely a matter of administering 
censure or punishment. Discipline also has its 
positive aspects that all top often are over¬ 
looked. When inspecting the quality of work done 
by your men, you must resist the tendency to 
comment only on the mistakes that are made 

You should comment favorably on the outstanding 

aspects of the job as well. Here too, you must 
use good judgment. No one is entitled to extra 
praise for doing a job well because that is his 
job. Nevertheless, proper comment goes a long 
way in boosting morale. However, excessive flat 

tery should be avoided. 


wnen your superiors comment favorable 
about work performed in your division, the in¬ 
formation should be passed on to the men wh< 
helped earn he commendation. Do not leave th 
impression that you are due all of the credit 
Another good rule to remember is Pratto™ 
PUBLIC, CENSURE IN PRIVATF Zh KE » 
is necessary, be careful thatThe^T 6 "^ 
stands why he is being censured r ^der- 
careful to avoid the use of sarcas^T 013115 
your men makes a mistake do n0 Mn» ® 01 
temper. This NEVER does any g 00rt if y ° Ut 
has misunderstood an order a tZh- K a 
principle, take steps to insure 0r a 

tions are given more clearly. tfuture direc- 


Personnel Relationships 


True 

voluntary 


discipline is 
cooperation 
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leader. It should be recognized that cooper¬ 
ation is a two-way proposition. The men 
depend on the leader to fulfill many of their 
psychological needs. They look to the leader for 
the security of his approval. They want a super¬ 
visor whom they can respect and brag about, 
and you, as the leading AT, want a crew that 
will be a credit to you, the AT shop, and the 
Navy. The relationship that you establish with 
your men is a reflection of your attitude toward 
them. If you know and understand them, have 
respect for their dignity as human beings, and 
show a sincere interest in their welfare, they 
will respond with renewed energy and with pride 
and confidence in your leadership. They will work 
because they want to and not because they are 
compelled to or because they fear punishment. 
This is what is meant by voluntary discipline. 
It is based on knowledge, reason, sense of duty, 
and loyalty, and is closely related to morale. 

You should learn all you can about each 
member of your crew (their names, ambitions, 
problems, capabilities, and limitations). The 
men should know that you are sincerely interested 
in their welfare. Usually you should not volunteer 
advice on personal problems. However, a man 
with such problems often needs someone whom he 
respects to talk to. By simply being an under¬ 
standing listener, it is possible to be of great 
help in such circumstances. 

The men should be given an opportunity to 
get to know their leader. In this way a common 
ground of understanding is established. When 
work is to be done, you should be in the area. 
Your presence indicates that you know what is* 
going on and are interested in what the men are 
are doing. Except in emergencies, you should 
tell the men what to do rather than how to do it. 
In this way they will learn by doing. 

You should be a good craftsman, and your 
skill must be reflected in the high quality of 
your own workmanship. In fact, your work should 
set the example for others. Keep up with every 
new development, military and civilian, that 
might affect your work. If you are confronted 
with a question you cannot answer, admit it No 
one person knows all the answers, so do not trv 
to bluff. If the bluff does not work, you will lose 
the respect of your men. Instead, show your 
men that you have an inquiring mind. Make 
every effort to find the answer to the question 
and then share your knowledge with others in 
the shop. You will find that discipline becomes 


much easier if you show proficiency in your 
technical specialty. 

As a first class or chief, you will fre¬ 
quently become involved in personnel problems, 
such as recommending men for promotion, and 
settling differences and grievances between 
them. You must handle such matters with dis¬ 
cretion and fairness. Your job will put you in 
the role of a liaision man, for you will have to 
deal with equals and superiors as well as sub¬ 
ordinates. Your attitude toward this chain of 
command is important since the whole structure 
of naval service is built upon ascending and 
descending responsibilities. Each officer and 
man in the Navy is dependent upon others for 
the smooth performance of his tasks. 

The morale of men under you is an index to 
the efficiency of your shop. Attempt to detect 
small problems before they grow into large ones. 
Counsel with your men, give them advice and 
assistance whenever possible. 


Professional Duties 

The AT rating is a group of jobs which re¬ 
quire essentially the same aptitudes, training, 
experience, skills, and abilities. Your profes¬ 
sional (technical) duties include those jobs which 
require you to use your special training relating 
to a particular field. As an AT, your profes¬ 
sional duties relate to those jobs that must be 
performed in maintaining and operating aircraft 
electronic equipment. 

The rating of Aviation Electronics Technician 
is divided into six rates. The degree of com¬ 
plexity that the AT must face in connection with 
a job is determined by his rate. The higher the 
rate the greater the amount of responsibility 
that goes with the jobs required of the particular 
rate. Appendix X of this training course is a de¬ 
tailed listing by rate of the jobs that AT’s are 
required to perform. 

The petty officer level of chief is now divided 
into three pay grades—E-7, E-8, and E-9. 
This should serve as a considerable incentive to 
the men of the rating, since a person need no 
longer feel that he has reached the highest step 
of his enlisted career when he has advanced in 
rating to chief. 

By now you should be thoroughly acquainted 
with the technical skills required of the Avia¬ 
tion Electronics Technician, Third Class*and 
Second Class. The most important additional 
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skills required of you as a first class or chief 
are as follows: 

1. Organize and administer a safety program 
applicable to aviation electronic equipment and 
facilities; interpret and implement directives 
and instructions on safety precautions; inspect 
work areas, tools, and equipment to detect 
potentially hazardous and unsafe conditions and 
take appropriate corrective action. 

2. Make qualitative performance tests of 
aircraft electronic systems; supervise and di¬ 
rect electronics line and hangar maintenance; 
evaluate and analyze reports of discrepancies 
and malfunctions in aircraft electronic systems 
and determine corrective action; evaluate per¬ 
formance of overhauled or newly installed air¬ 
craft electronic equipment; screen defective ex¬ 
changeable components for feasibility of local 
repair; review and evaluate completed inspec¬ 
tion forms, work orders, and failure and dis¬ 
crepancy reports. 

3. Know the procedures for repairing printed 
circuits and techniques for testing transistor 
circuits; sources of electrical noise interference 
and methods of control; effects of environ¬ 
mental conditions upon operation of electronic 
and electrical equipment. 

4; Repair and adjust automatic channel 
selecting and automatic tuning assemblies; test 
and adjust TACAN beacon simulators. 

5. Know procedures for plotting deviation 
curves for aircraft ADF configuration; com¬ 
munication antenna theory; characteristics of 
induction field, radiation field, sky wave, ground 


wave > ground-reflected wave, ionospheric re¬ 
flecting layers, skip distance, and maximum 
usable frequency and their effects on com¬ 
munications. 

6. Test transmitter pulse transformer, pulse 
forming network, and piodulator; install magne¬ 
tron and thyratron tubes; perform spectrum 
analysis; measure ground position stabilization 
resolver response and check for correct solu¬ 
tion to simulated relative motion problems. 

7. Know the effects of various combinations 
beam width, pulse length, pulse repetition 

frequency, scan rate, and power output relative 
0 Performance and applications of radar equip- 
m ent; and principles of MAD equipment compen¬ 
sation. 


8- Know operating principles of direction 
and attitude sensing elements, including gyros, 
ompasses, and accelerometers; principles and 
applications of limiter, clamper, counter, 


and discriminator circuits; principles of sweep 
generators, gated amplifiers, and timing cir¬ 
cuits; microwave techniques and operating prin¬ 
ciples of waveguides, cavities, crystal mixers, 
and transmission lines; principles and applica¬ 
tions of saturable core reactors and magnetic 
amplifiers; principles of impedance matching 
networks and devices; characteristics of readout 
methods used with analog and digital computing 
systems; principles of infrared detection; 
operating principles of microwave antennas, 
dish reflectors, and associated RF feeds and 
parasitic reflectors and directors. 

9. Analyze tests and measurements to be 
made on electronic equipment and determine 
most appropriate test equipment to use; analyze 
test equipment defects and determine corrective 
action. 

10. Know procedures for obtaining repair 
and calibration of test equipment; electronics 
test methods and practices. 

11. Interpret mechanical, electrical, and 
electronic schematics and drawings and make 
simplified versions; use handbooks of main¬ 
tenance and service instructions to determine 
performance specifications for making adjust¬ 
ments to aircraft electronic equipment. 

12. Identify electronics parts by nomen¬ 
clature and stock number and prepare supply 
requisition to obtain replacement; use NavAer 
Publications Index, to locate, identify, and obtain 
technical publications, directives and manuals; 
identify and order tools, equipment, and ma¬ 
terial; maintain custody records and conduct 
inventories; supervise the use, filing, and main¬ 
tenance of publications, logs, and records; 
organize and supervise facilities for repair and 
maintenance of aircraft electronic equipment; 
maintain aircraft electronics configuration and 
status records; supervise inspection procedures 
to insure that applicable technical specifications 
and standards of workmanship are met. 

13. Know standard organization and main¬ 
tenance procedures of aircraft squadrons and 
maintenance activities; types and purposes of 
FUR's; types of information contained in aero¬ 
nautical technical publications pertaining to air¬ 
craft electronic material and equipment; inter¬ 
pretation of source codes in parts catalogs; 
procedures for surveying accountable materials. 

Your ability to perform the above listed 
skills is determined by a number of factors. 
The most important of these factors is the 
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knowledge that you possess concerning a parti¬ 
cular skill that you must perform. Navy Train¬ 
ing Courses contain the information necessary 
for you to gain the knowledge in order to per¬ 
form many of the technical duties of y° ur ^ ate ' 
Insofar as possible, this traming course ATi^ 
C contains information required of the first 
Class and Chief Aviation Electronics Techni¬ 
cian. 


QUALIFICATIONS FOR ADVANCEMENT 


The Manual of Qualifications for Advance- 
ment in Rating, NavPers 18068 (Revised), Is of 
vital interest to the division officer and the en- 
listed man alike. This publication is the official 
manual which promulgates the minimum quali¬ 
fications for the advancement in rating of en¬ 
listed personnel in the Regular Navy and the 
Naval Reserve. It covers in more or less broad 
terms both the military and the professional 
requirements for advancement in all ratings in 
the Navy. The Bureau of Naval Personnel is¬ 
sues CHANGES to the Quals Manual in order to 
keep the requirements of your rating up to date. 
The qualifications printed in appendix X of tins 
training course for the Aviation Electronics 
Technician rating are current through change 16 
only. It is important that you refer to the latest 
change to the Quals Manual when preparing for 
any advancement examination. This is the only 
way you can be certain that you are studying 
all of the requirements of your rating. Visit your 
information and education office or consult your 
education and training officer for information 
concerning the latest changes to the manual. 

The naval rating structure is subject to 
continual review to insure the most effective 
manpower utilization and career patterns. Be¬ 
ginning with change 11, two different and distinct 
rating structures exist in the Quals Manual. 
These are the structures established in 1947 
and a new structure established in 1957. The 
older structure will be replaced by the new 
structure on an evolutionary basis with ratings 
revised in terms of the new structure as rapidly 
as possible. It is suggested that you study the 
preface of the Quals Manual since it sets forth 
in detail the aspects of the two structures. The 
AT rating structure has just recently been con¬ 
verted to the new structure and these new quals 
are included in this book as appendix X. Even 
though AT quals that follow the new structure 
have already been approved and published, it is 


felt that an understanding of why this change has 
been made will be beneficial. Following is a 

brief description of the two ^J u ^ e l* ENERAL 
The 1947 structure provides for GENERA 
SERVICE RATINGS and EMERGENCY SERVICE 
RATINGS. The general service ratings, whic 
are for enlisted personnel of the Regular Navy 
in time of peace, provide for a petty officer 
broadly qualified in all aspects of his rating. 
The emergency service ratings, whic . are 

personnel of the Naval Reserve in peacetime and 
for both the Regular Navy andthe Naval Reserve 
in wartime, provide the flexibility needed to 
permit expansion from the broad general serv¬ 
ice areas to the narrower service areas within 
the same occupational grouping. . 

In recent years the rapid introduction of com¬ 
plex technological developments in the Navy, as 
well as greater use of noncareer personnel, 
has produced a needfor modifications to the 1947 
structure. A structure is needed which will 
provide for specialization and reduce training 
time. The concept of the broadly trained and 
qualified petty officer is retained in the new 
structure and, at the same time, effective 
manpower utilization is insured by providing de- 

sirable specialization in the lower paygr^ 0 ! 

certain ratings. Also, this new structure applies 

equally to both the Regular Navy and the Naval 
Reserve and there is no change m an enlisted 
man’s rating in the case of mobilization. The 
new structure consists of (1) GENERAL RAT- 
INGS (2) SERVICE RATINGS, and (3) EMER¬ 
GENCY RATINGS. . oll 

A general rating reflects qualifications m all 
aspects of an occupational field and insures 
broadly qualified senior petty officers. It is simi¬ 
lar to and will replace the present general serv¬ 
ice rating and is applicable to both the Re &Vj a J* 
Navy and the Naval Reserve. A service rating 
reflects qualifications in some of the aspects 

of an occupational field and provides specializa¬ 
tion where deemed desirable. It is similar 
and replaces the emergency service ratings tor 
the Naval Reserve and also it is applicable 
the Regular Navy. An emergency rating reflects 
qualification in a civilian skill which is n 
identified in the peacetime Navy but is require 
to be identified in wartime. It is similar to anc 
will replace the exclusive emergency service 

rating. .. 

In summary, the new rating structure wu 
provide (1) a completely integrated system ap; 
plicable to both peacetime and wartime whic. 
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i mobilization, and (2) a structure with inherent 

I incentives to provide necessary generalization 

I at toe senior pay grades and built-in flexibility 

II to accommodate specialization in the lower pay 
» grades where necessary. 

i j 
t ! 

Military Requirements 


The military requirements that are required 
i of you are listed in appendix X of this training 
course. These are taken from the Manual of 
1 Qualifications for Advancement in Rating, Nav- 
Pers 18068 (Revised). Military requirements are 
1 applicable to all enlisted men irrespective of 
rating. Three Navy Training Courses have been 
written which cover all of these requirements. 

1 They are Basic Military Requirements, Nav- 
Pers 10054, Military Requirements Petty Of¬ 
ficer 3 and 2, NavPers 10056, and Military Re¬ 
crements Petty Officer 1 and C, NavPers 
' 10057. 

The basic course is written to cover the 
military requirements of the first three pay 
grades. It is concerned primarily with the mean¬ 
ing of military requirements, naval organization, 
military drill and ceremony, security, ABC 
warfare, naval aircraft, service records, and ad¬ 
vancement and training. 

Military Requirements Petty Officer 3 and2 

is concerned primarily with the knowledge that 
a petty officer must possess in order to work 
dependently and to assume leadership duties, 
mnjor topics covered are—importance of the 
* * Na 7> naval career opportunities, military 
tion mand and leadershi P> discipline and regula- 
’ surviva T» communications, and training 


la Re< * uiremen ts Petty Officer 1 andC 

r>roi_ for the senior petty officer and is 
Ded *ke knowledge necessary to be- 
M ■ a successful leader. Since you are pre- 
voiih i advancem ent to first class or chief, 
cent* become thoroughly familiar with the 
bi 6 this cour se. Also, you are responsi¬ 
ble ttle ma terial in the other two courses, 
of se * s torththe military requirements 

matpri°f ^cers. It presents inspirational 
Dcrtnta \* C ° nCern ^ n ^’ y our place in the Navy. It 
descri)^ 11 y0Ur ref 5 )0ns tWlities as an instructor, 
you m a 8 SOme proven teaching methods that 
be U sp/< USe, an d P re sents techniques that may 
charters f evaluating your men. The last two 
Thev i s course are devoted to leadership. 
y contain a listing of the "do's and don’ts” 


of leadership and give examples of leadership 
problems that are apt to arise and methods of 
solving them. 


Professional Requirements 

The professional requirements required are 
listed in appendix X of this training course. 
These are taken from the Manual of Quali¬ 
fications for Advancement in Rating, NavPers 
18068 (Revised) and are current through change 
16. These are the professional (technical) quali¬ 
fications required of Aviation Electronics Tech¬ 
nicians to perform properly the duties of their 
particular rate. The most important of these 
requirements for the First Class and Chief 
Aviation Electronics Technician are discussed 
in this chapter under the heading Professional 
Duties. 

This training course {AT 1 & C) is written 
primarily to aid the ATI and ATC in fulfilling 
his professional requirements. Three additional 
training courses that relate to your professional 
requirements and with which you should become 
thoroughly familiar ar e—Basic Electricity, Nav¬ 
Pers 10086-A, Basic Electronics, NavPers 
10087, and AT 3 & 2, NavPers 10317-A. 


Record of Practical Factors 

Practical factors are those skilled opera¬ 
tions that you must be able to perform prior 
to your advancement. These are given in the 
Manual of Qualifications for Advancement in 
Rating, NavPers 18068 (Revised). They are also 
included in appendix X of this training course. 
The requirements listed under practical factors 
include the minimum skills and abilities that 
you should possess in order to advance. 

Form NavPers 760(AT), Record of Practical 
Factors, lists the practical factor (military and 
professional) requirements for the Aviation 
Electronics Technician rating. There is a simi¬ 
lar form for all ratings. As you demonstrate 
proficiency in the required practical factors 
listed on this form, an entry is made which 
shows the date and the initials of the supervising 
officer. Instructions for completing this form 
are provided at the top of its first page. 

Each man studying for advancement in rating 
should have a copy of this form for his personal 
record and guidance. A copy of this form is held 
by the division officer or other appropriate 
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supervising officer for each man in pay grade 
E?? through E-8. Upon transfer Ot an 
man, the supervising officer’s copy of the form 
is signed, inserted in the correspondence side 
nf the service record, and forwarded. 

The appropriate ’items on NavPers Form 
760(AT) must be completed before y° u 
eligible to take the examination for advance¬ 
ment in rating. A few days prior to your ad¬ 
vancement examination, you should check to see 
that the supervising officer’s copy of your form 
760 is or will be completed on time. Also, when 
you are being transferred to a ne ^uty assign¬ 
ment you should check to see that all of the 
practical factors you have completed have been 

entered on your form 760. 

Any major changes to the Manual of Quail - 
fications for Advancement in Rating, NavPers 
18068 (Revised), require that the Record of 

Practical Factors form be reprinted. However, 

minor changes to the Quals Manual may be 
recorded in spaces provided in the form 760. 
The relationship between the Quals Manual 
and the form 760 is apparent, since the prac¬ 
tical factor requirements printed in the form 
760 are taken directly from the manual. Form 
760 affords an orderly and meaningful method 
of recording your progress in advancement 
towards the next higher rate within the rating. 


MAINTENANCE ORGANIZATION 


As an Aviation Electronics Technician, First 
Class or Chief, you will most likely be assigned 
to a billet that relates directly to the operation 
and maintenance of aircraft electronic equip¬ 
ment. Because of your past naval experience, you 
already know that your assignment possibilities 

cover a wide range of duties and responsibilities. 

The most common command billets to which AT’s 
are assigned are operating squadrons, naval air 
stations, aircraft carriers or seaplane tenders, 
or a training billet in a technical school. Each 
of the foregoing command billets will assign you 
to specific duties within the command. Depending 
on the type command, you can expect certain 
types of duties within each. 

In operating squadron and seaplane tender 
billets, you will most likely perform routine 
electronics maintenance or be a member of a 
flight crew. On an aircraft carrier, your job will 
consist mainly of providing and maintaining shop 
facilities for the testing and repairing of air¬ 


borne electronic equipment. In a naval air sta¬ 
tion billet, your job possibilities are more 
varied. hi most cases, however, you will either 
maintain aircraft assigned to the NAS, or work 
in an O and R department. When assigned to a 
training billet, you will most likely be an in¬ 
structor, technical writer, or work in a testing 

section.Qre complete description of the functions 

of each type of command billet is givenin chapter 
1 of AT 3 & 2, NavPers 10317-A. 

The maintenance organization of a squadron 
or activity is under the direction of a maintenance 

officer. As head of the maintenance department, 

he exercises administrative controlover the de¬ 
partment and is responsible to the comm^iding 
officer for the accomplishment of its mission. 
He establishes procedures and delegates au¬ 
thority to subordinates. He provides for revie 
of decisions and actions of his subordinates and 
controls assignments of personnel to division 
within the department. Each maintenance depart¬ 
ment will have an assistant head of the depart¬ 
ment. He implements the instructions and poli¬ 
cies of the maintenance officer and acts for him 

in his absence. n 

In the organizational structures for aircran 
maint enance departments that follow, as shorn 
later in figures 1-1 and 1-2, each maintenance 
activity or squadron is shown as being 
definite levels of maintenance responsibility 
that is, class B and C, and class D, E, and r 
It must be borne in mind that the maintenan 
levels given here are only for the genera 
structure, and that each activity is individual! 
assigned the level of maintenance it may per 
form. One NAS, for instance, may be a cias 

B and C maintenance activity, while another m 

be designated class C and D. 


Levels of Maintenance 


CLASS C AND D MAINTENANCE 
(INTERMEDIATE) 


This degree of maintenance is performed 
designated maintenance activities for direct su 
port of using organizations. Its phases norm 
consist of calibration, repair or replacement 
damaged or unserviceable parts, components 
assemblies; the emergency manufacture ofn 
available parts; and the providing of techni' 

_l-l_- A-._-..Hnno TnfprmeQli 
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k maintenance is normally accomplished in fixed 
r or mobile shops, tenders, or shore repair facili- 


01 , 

Jl Class C Maintenance (Shop/Repair) 

These processes involve the maintenance of 
operational aircraft (including guided missiles), 
aircraft equipment, and aircraft support equip¬ 
ment to insure that damaged or defective parts, 
subassemblies, assemblies, units, groups or 
sets removed from, or received for installation 
^ in, aircraft or equipment are restored to such 
a condition that they are ready and safe for con- 

■ tinued service, 
u 

» Class C maintenance is performed on parts, 
ji subassemblies, assemblies, units, groups and 

i sets normally located in fixed ship or shore 
t or mobile shops. It is performed without re- 
rt’ mova * °f aircraft or equipment from an operat- 
li, or flight schedule unless prevented by in- 
it ^icient quantities of available spare parts, 

ii Assemblies, assemblies, units, groups or 
sets. It is performed only by activities assigned 

4 “ e mission, task or function of providing such 
i maintenance support to activities assigned air- 
0 J! raf | or equipment. It is performed with au- 
* norized and qualified Shop/Repair maintenance 
I Pf rs °nnel, using approved and authorized class 
l 1 maintenance material. 


Class C maintenance includes preservation, 
mspection, examination, and specified bench 
of parts, subassemblies, assemblies, units, 
.If 8 and se * s removed from aircraft and air- 
S ? p ^ 0rt e quipment. Correction of dis- 
pancies and compliances with applicable 
uc “°ns by calibration, repair and/or re- 
Pacement of internally installed parts (re- 
* m *] 0T but not complete disassembly), 
„ pto semblies » assemblies, units, groups or 
are considered class C maintenance, 
remifi rS °f complete aircraft or equipment 
C m r * com P^ e fe disassembly are NOT class 
aintenan^. Even though this work may be 

8hon/ med * n ® xe< * shi P or shore or mobile 
uj^te SUCh repairs are considered. class B 


\ Class D Maintenance (Shop) 

operand ? rocesses involve the maintenance of 
nal aircraft (including guided missiles) 


aircraft equipment and aircraft support equip¬ 
ment to insure that parts, subassemblies, as¬ 
semblies, units, groups or sets removed from, 
or received for installation in, aircraft, air¬ 
craft equipment, and support equipment are 
ready and safe for continued service. Class D 
Maintenance is performed on parts, subassem¬ 
blies, assemblies, units, groups and sets nor¬ 
mally located in fixed ship or shore or mobile 
shops. It is performed without removal of air¬ 
craft or equipment from an operating or flight 
schedule unless prevented by insufficient quan¬ 
tities of available spare parts, subassemblies, 
assemblies, units, groups or sets. It is per¬ 
formed by all activities that are assigned the 
mission, task or function of providing direct 
maintenance support to activities that are as¬ 
signed aircraft or equipment. Only certain 
specified activities perform this support for 
their own assigned aircraft and equipment. This 
maintenance is performed by authorized and 
qualified shop maintenance personnel, using 
approved and authorized class D maintenance 
material. 

Class D maintenance normally includes 
preservation, inspection, examination, and spe¬ 
cified bench test of parts, subassemblies, as¬ 
semblies, units, groups and sets removed from 
aircraft, aircraft equipment, and aircraft sup¬ 
port equipment. Correction of discrepancies and 
compliance with applicable instructions by ad¬ 
justment, minor repair and/or replacement of 
externally installed (requiring only minor dis¬ 
assembly) parts, subassemblies, assemblies, 
units, groups, or sets are considered class D 
maintenance. Repairs beyond the scope of minor 
repairs are not class D maintenance. Even 
though this work may be performed in fixed 
ship or shore or mobile shops, it is considered 
class C Maintenance. The emergency manu¬ 
facture of parts requiring only portable hand 
and machine tools and semiportable or bench 
mounted equipment is within the scope of class 
D maintenance. 


CLASS E AND F MAINTENANCE 
(ORGANIZATIONAL) 

This degree of maintenance is performed 
by a using organization on its assigned equip¬ 
ment. The phases normally consist of inspecting, 
servicing, lubricating, adjusting and replace¬ 
ment of parts, minor assemblies and 
subassemblies. 
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These processes involve the preventive 
maintenance of operational aircraft (including 
guided missiles), aircraft equipment,_and air¬ 
craft support equipment to insure that an air 
craft orequipment is ready and safe for con¬ 
tinued service in any type of flight or operation 
for which it is designed and configured. 

Class E Maintenance is performed on or‘in 
aircraft or equipments, which are normally lo¬ 
oted in a hangar, on a hangar deck or on or m a 
dock. It is performed during maintenance avail¬ 
abilities, with the aircraft or equipment removed 
from the operating or flight schedule. It is per¬ 
formed by all activities assigned operating air¬ 
craft or equipment, with authorized and qualified 
hangar maintenance personnel, using approved 
and authorized class E maintenance material. 

Class E maintenance includes all inter¬ 
mediate and major inspections, and specified 
special and preservation inspections. It also 
includes functional test of aircraft, aircraft 
equipment and aircraft support equipment sys¬ 
tems Correction of discrepancies and com¬ 
pliance with applicable instructions by adjust¬ 
ments, minor repair and/or replacement of 
installed parts, subassemblies, assemblies, 
units groups or sets are considered class E 
maintenance. It does not include work on parts, 
subassemblies, assemblies, units, groups, or 
sets removed from aircraft or equipment. Such 
work is considered class D maintenance even 
though it may be performed in a hangar, on a 
hangar deck or on or in a dock. 


fied line maintenance personnel, usmg author¬ 
ized and approved class F maintenance material. 

Class F maintenance includes servicing, 
daily and preflight or pre-operation Inspections, 
eround tests, and troubleshooting aircraft, air- 
craft 1 equipment, and aircraft maintenance sup- 
nort equipment systems. Correction of minor 
discrepancies and compliance with applicable>n- 
structions by adjustments and replacement of 
parts is within the scope of class F maintenance 
It includes replacement of only those parts which 
do not require removal of units, assemblies^ 
subassemblies. Removal of uni s, assembl es 
and subassemblies shall be considered Class E 
maintenance even though such work maybe per¬ 
formed on the flight line, flight deck, launcher, 
ramp, or at a buoy, boom, or mast. 


Supporting Activity 


Class F Maintenance (Line) 


The aircraft maintenance department of £ 
supporting activity has the mission of suppor 
of operating squadrons, including itself 
has aircraft assigned to it. It provides fa 
maintenance at the B and C levels. 

Figure 1-1 shows the standard organizatio 
structure for a support activity and for a sen 
supported squadron. Nomenclature and coain 
used are as follows. 

All major segments of the organization 
porting directly to the aircraft maintenance 
ficer or his assistant shall be called divisio 
Divisions shall be subdivided intobranc 
Coding has been established for identificatio 
all work segments of the organization. 

The following codes and titles are used 
the organizational segments through the ran 


These processes involve insuring that opera¬ 
tional aircraft (including guided missiles), air¬ 
craft equipment and aircraft support equipment 
are ready and safe for the type of flight or 
operation for which they are scheduled. Class 
F maintenance is performed on or in an aircraft 
or on equipment, which is normally located on a 
flight line, flight deck, launcher, ramp, or at a 
buoy, boom or mast. It is performed during 
maintenance availabilities, prior to, or between 
scheduled operations or flight, without removal 
of the aircraft or equipment from the operating 
or flight schedule. It is performed by all ac¬ 
tivities assigned or having physical custody of 
aircraft or equipment, by authorized and quali- 


DEPARTMENT MANAGEMENT: 

00 - Aircraft Maintenance Officer. 

01 - Assistant Aircraft MaintenanceOfn 

SERVICE ACTIVITIES: 

100 - Planning Division Officer 

110 - Workload Scheduling Branch. 
120 - Logs and Publications Bran 
130 - Records and Reports Bran 
140 - Material Support Branch. 

200 - Quality Control Division Officer 
210 - Shop Branch. 

220 - Hangar Branch. 

230 - Line Branch. 
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ORGANIZATION CHART FOR AIRCRAFT MAINTENANCE ACTIVITIES 
PERFORMING CLASS "B" AND "C" MAINTENANCE 
(STAFF, SHOP, HANGAR AND LINE ARRANGEMENT) 

AIRCRAFT MAINTENANCE DEPARTMENT (1) 

00 

AIRCRAFT MAINTENANCE OFFICER 
01 

ASSISTANT AIRCRAFT MAINTENANCE OFFICER 


r 


-1- 100 


IN SERVICE (2) 
TRAINING DIVISION 


PLANNING 

DIVISION 



QUALITY CONTROL 
DIVISION 

IN SERVICE 
TRAINING OFFICER 

PLANNING 

OFFICER 

QUALITY CONTROL 
OFFICER 


110 

120 

130 

140 


BRANCHES 

- WORKLOAD SCHEDULING 

- LOGS & PUBLICATIONS 

- RECORDS & REPORTS 

- MATERIAL SUPPORT 


ADMINISTRATIVE 

OFFICE 


ADMINISTRATIVE 

OFFICER 


210 

220 

230 


BRANCHES 

-SHOP 

-HANGAR 

-LINE 


.300. 


SHOPS DIVISION 


SHOPS OFFICER 


.400. 


HANGAR DIVISION (3) 


HANGAR OFFICER 


.500. 


LINE DIVISION (3) 


LINE OFFICER 


1 1 1 I 1 1 

POWER PLANTS 
BRANCH 


airframes 

BRANCH 


AVIONICS 

BRANCH 


ORDNANCE 

BRANCH 


AVIATOR'S EQUIPMENT 
BRANCH 


SUPPORT EQUIPMENT 
BRANCH 

POWER PLANTS 
OFFICER 

AIRFRAMES 

OFFICER 


AVIONICS 

OFFICER 

ORDNANCE 

OFFICER 


AVIATOR’S EQUIPMENT 
OFFICER 


SUPPORT EQUIPMENT 
OFFICER 


(1) MAY BE A DIVISION AT APPLICABLE ACTIVITIES 

(2) RESERVE TRAINING COMMAND ONLY 

(3) SEE FIGURE 1-2 FOR DETAILS OF HANGAR AND LINE DIVISIONS. 


Figure 1-1.—Supporting activity aircraft maintenance organizational chart. 



' PRod UCTION ACTIVITIES: 

300 “ Sh ops Division Officer 

310 - Power Plants Branch. 

320 - Airframes Branch. 

330 - Avionics Branch. 

340 - Ordnance Branch. 

350 _ Aviation Equipment Branch. 
360 - Support Equipment Branch. 

^00 - Hangar Division Officer 

410 - Power Plants Branch. 

420 - Airframes Branch. 

430 - Avionics Branch. 

440 - Ordnance Branch. 

450 - Aviation Equipment Branch. 

500 - Line Division Officer 

510 - Plane Captains Branch. 

520 - Trouble Shooting Branch. 


The chart (fig. 1-1) is divided into four main 
groups— management (00), planning (100), quality 
control (200), and production (300, 400, 500). 
Note that the designation DIVISION is no longer 
applied to the individual shops. Shops are now 
designated BRANCHES and are segments of a 
division. Each division is headed by a division 
officer, and each branch is headed by a branch 
officer. 


MANAGEMENT 

The aircraft maintenance officer is the head 
of the aircraft maintenance department and is 
responsible to the commanding officer for the 
accomplishment of the department's mission. 
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planning 

The function of the planning division is: 
100 - Planning Division: 


1 Keep the aircraft maintenance officer 
and assistant aircraft maintenance officer' ad¬ 
vised of the status of all present and future 
maintenance programs affecting the department. 
Recommend improvements or changes in policy 
where deemed necessary or desirable which 
Sect operations, safety of flight, greater 
economy, P improved efficiency or better imple¬ 
mentation of the productive effort of the depart- 

2. Screen directives received from BuWeps, 
fleet* force and type commanders and the air¬ 
craft maintenance officer for applicability. For¬ 
ward copies of applicable directives to the ap¬ 
propriate divisions. 

3. Plan workload and schedule maintenance 

W ° rl 4. Prepare and distribute smooth copies of 
approved maintenance instructions. 

5. Provide requisition control number in¬ 
formation on the maintenance instruction. 

6. Initiate requests for material. 

7*. Initiate work orders on scheduled work. 

8. Maintain the status board. 

9. Prepare work requests to and maintain 
liaison with the supporting activity. 

10. Process FURS and EFR reports. 

11. Recommend to the aircraft maintenance 
officer corrective action for the improvement 
in maintenance policies, procedures and train¬ 
ing. 

12. Establish a continuing control and co¬ 
ordination of actions of the division to insure 
prompt movement of aircraft and engines, parts, 
materials and manpower. Establish the proper 
transportation and communication systems to 
provide complete support of the workload. 


5 Maintain cognizance and coordination of 
the workload scheduling activity In the depart- 

ment 6. Correlate the departmental workload 

with productive capacity. ^ 

7 Prepare program and detail schedules 

and direct manhour estimates for the necessary 
maintenance of aircraft, engines, components 
and support equipments to be processed by the 

department.^ . Qb ^ priorities, compdetton 
times, and check progress to insure compliance 

with the established schedules. 

9 Plan the movement of aircraft to and 
from parking area and working area as practic - 

bl6 *10. Plan the movement of ground handling 
equipment in accordance with established p 

OT ^llf ^ss?st°tho ^concerned with embarkation 

and de-embarkation loading of aircraf 

equipment as required. . 

12. Monitor the availability and us 

maintenance personnel. 


110 - Workload Scheduling Branch: 


120 - Logs and Publications Branch. 


1. Insure prompt acquisition and ^equate 
dissemination of pertinent technical data t 

lowest level required to know. 

2. Maintain a technical publications ana 

correspondence library. 

3. Secure applicable classified data. 

4. Maintain logs, such as aircraft, enghj ■ , 
and others as may be required, in accord 
with BuWeps Instructions. 

5. Insure the correct disposition of all 

and publications. 

6. Make proper distribution of all tech¬ 
nical information and publications. 


7. Insure that aircraft inventories arecom 

plete, that logbook entries are made, authenti 
cated and correct in all respects. 


1. Plan workload and schedule maintenance 

work. , , , , 

2. Initiate work orders on scheduled work. 
3 ! Insure that workload commitments are 

compatible with productive capacity. 

4. Continually review and evaluate the pro¬ 
ductive capabilities and operations in order to 
meet changing conditions effectively. 


130 - Records and Reports Branch: 


1. Establish and control a central repor 1 
and record keeping system for all maintenanc 
reports and correspondence. 

2. Maintain all correspondence and repor 
files for the aircraft maintenance departme 
except for those special reference files m 


tained hv oae.h division or branch. 
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i 3. Make proper distribution of all non- 
1- technical information and publications. 

I 4. Publish and distribute approved locally 
si| issued maintenance directives, procedures, re- 
| ports and studies. 

r 5. Reproduce and distribute, as necessary, 
ij| incoming messages and other data, 
is 6. Insure that proper records in proper form 
1* *** by the various divisions and branches. 

7. Keep a master log of completed work 
a order and maintenance instructions and maintain 

# a current maintenance index record. 

8. Maintain record control of work com- 
a! pletions and compliance with maintenance in- 
2 ’ structions and maintain necessary records to 

comply with existing directives. 

# u ^ n P^ eme ^t all directives concerning dis- 
Jibuti on, retention and disposition of records 
and reports. 

a 

i 140 - Material Support Branch: 

1. Plan, requisition and expedite material 
d needed to support the workload. 

2. Maintain liaision with the supply de¬ 
partment on maintenance material matters and 
to insure that material needs of the aircraft 
maintenance department are satisfied. 

J .. Compile and analyze maintenance usage 

it 'WUl, 


, ** Coordinate action with the quality con- 
o^« Sion for the determination of quality, 
condition and quantity of material and spare 
Parts received RFL 

to tKo *' urnisl1 technical advice and information 
m, 9 ^ Sl 2 ply de P art ment as to the identity and 
JpT y °*-supplies, spare parts, and materials 
fi Sa p^+ t0 accom P lis h the assigned workload. 

' blish standard operating procedures 
^ insure the inventory of tools and the 
ciaH**? accoun tability of pre-issue items (spe¬ 
cial tools and equipment). 

n- *. ^dtiate work requests on material and/ 
e ^Pment requiring repair. 

dama» Initiate surve ys in the event of loss, 
or destruction of accountable items of 
Serial and/or equipment 

adviser! aircraf t maintenance officer 

affects the 0vera11 supply situation as it 
10 v i a ^ rcra tt maintenance department, 
sion fft/ er “ y A °C p (aircraft out of commis- 
e<niw!»\ parts ) and ANFE (aircraft not fully 
serial!,, r ®quisitions and maintain, by aircraft 
i j ? nber » current AOCP and ANFE status, 
in ac' , COmmend and contr °l cannibalization 
rdance with applicable directives when 


such action is deemed advisable in the best in¬ 
terest of the operations. 

i2. Observe and report on qualitative re suits 
of preservation and packaging of material re¬ 
ceived. 


QUALITY CONTROL 

Quality control includes many different func¬ 
tions. Not the least of these is the responsibility 
for the quality of workmanship within the 
maintenance department. The functions of the 
quality control division are as follows: 

1. Establish inspection procedures and 
standards to insure that maintenance and repair 
work on aircraft, engines, accessories and 
equipage has been performed in accordance with 
current Navy standards and safety of flight re¬ 
quirements. 

2. Act as a full-time quality control repre¬ 
sentative of the aircraft maintenance officer to 
maintain a high level of quality and safety of 
products produced. 

3. Insure the inspection of aircraft coming 
under the cognizance of the aircraft maintenance 
department for shop, hangar or line maintenance, 
to determine that the aircraft are, upon com¬ 
pletion of such work, ready for flight in all 
respects. This inspection includes not only the 
inspection of actual work performed but also 
the checking for operability of elements of the 
aircraft which have been disconnected or torn 
down in order to perform such work. 

4. Insure the inspection of RFI material 
and spares for acceptable quality and neces¬ 
sary modifications. 

5. Maintain a current list of all personnel 
authorized by their supervisors to perform 
inspection duties and hold their branch super¬ 
visors responsible for an understanding of in¬ 
spection procedures prescribed by the quality 
control division. 

6. Provide for inspection coverage at all 
times regardless of what phase of maintenance 
is being performed. 

7. Interpret applicable directives and pre¬ 
pare maintenance instructions necessary to 
implement such directives. 

8. Provide supplementary forms for such 
inspection control as may be necessary. 

9. Supervise a weekly pilots aircraft in¬ 
spection program on assigned aircraft. 

10. Maintain adequate technical information 
to support inspection operations. 
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11. Determine that maintenance flight tests 
on aircraft have been performed as r ^ ire . 

12. Determine that sufficient ground checks 
and nreflight inspections have been performe 
^ aU-cralt processed by the department for 
acceptable quality and safety of flight require- 

meI 13 Review discrepancies found by pilots 
during flight for the purpose of improving 
quality of inspection procedures. , 

4 14 Obtain information from operating 

squadrons and activities performing higher 
echelons of maintenance workto determine ways 
and means of improving quality of workmanship 
in the Aircraft Maintenance Department. 

15 Insure adequate training of personnel in 
quality control procedures in Order to qualify 

designated personnel as inspectors. 

16. Analyze discrepancy and quality trends 
on aircraft assigned to the department for 
maintenance and provide followup action and 
functional guidance to stimulate improvement of 
quality on a departmental basis. 


These inspection services are pro^ed by 
quality control division personnel °r designated 
inspectors of the various branches of the hangar 

division. 


230 - Line Quality Control Branch: 


LDe' 


210 - Shops Quality Control Branch: 


Provide Inspection services for the class F 
maintenance task. Conduct inspection and tamre 
Msrh auality of product through daily and pre¬ 
flight inspections, adjustments, 
rection of minor discrepancies and troiftle 
shooting. Perform additional inepe^^ 
directed by the line division Mgher » 

thority. These Inspection services a P 
vided by quality control dlvision personnel 
designated Inspectors of the line division. 

The AT should always bear in “*““1 
quality control is not merely f” 
process. The role of inspection s ^ 

the qualitative results of the P^^tionacartty 
against design standards. Quality 
spected Into a piece of work. It 
into it. The control of quality ^ ^ 

the Commanding Officer -d extend through 


lii 


Provide inspection services for the class C 
and D maintenance task. Conduct inspections and 
insure quality of products resulting from: bench 
check, tests, calibration, modification and repair 
of accessories and components; repair of air¬ 
craft; manufacture of certain parts; machine 
work; accomplishment of specified changes and 
bulletins; replacement of minor parts; and in 
certain cases, magnetic particle and dye pene¬ 
trant inspection, and perform additional in¬ 
spections as directed by the shops division and/ 
or higher authority. These inspection services 
are provided by quality control division person¬ 
nel or designated inspectors of the various 
branches of the shops division. 

220 - Hangar Quality Control Branch: 

Provide inspection services for the class E 
maintenance task. Conduct inspection and report 
on quality of product resulting from work com¬ 
pleted by the various branches of the hangar 
division. Conduct all inspections of routine work, 
engine changes, periodic and special checks, 
replacement of components and accessories, in¬ 
corporation of specified changes and bulletins, 
and perform additional inspections as directed 
by the hangar division and/or higher authority. 


ness. 


PRODUCTION 


This is the division that includes the shop, 
hangar, and line branches. Its function 


300 - Shops Division: 


Be responsible for the accomplishment d 

Class C and D maintenance tasks on assign 
and supported aircraft components, a™ 
equipment, and aircraft ground SU PP 01 \ ^ 
ment. Be responsible for assisting h 8 
line division personnel in Class E and „ 
tenance tasks when directed by the ai 
maintenance officer. Be responsible 
performance of the following administr 

functions: u^«ipd 

1. Initiate work requests for unsched 

work as necessary. . re „ 

2. Interpret applicable directives ^ _ 

pare in rough draft form maintenance insir 
tions to implement such directives. 

3. Designate qualified individuals 
form required inspections and advise 
control division of such designees. 
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4. Initiate requests for material for air¬ 
craft and support equipment and maintain proper 
and sufficient stock levels to assure accomplish¬ 
ment of the workload and operational readiness. 

5. Determine that all safety instructions 
issued by higher authority have been posted and 
complied with. 

6. Prepare such additional safety instruc¬ 
tions as required. 

7. Support preventive maintenance pro¬ 
grams as required. 

8. Expedite shop work by continuous evalu¬ 
ation of shop methods and procedures and 
incorporate new techniques or changes as ap¬ 
propriate. 

9. Insure the security of aircraft and air¬ 
craft equipment, the adequacy of tools and other 
support equipment, and the cleanliness of work¬ 
ing areas used by the division. 

10. Conduct on-the-job training of per¬ 
sonnel. 


Forms and Procedures 

Basic forms and procedures are set forth 
as guideposts to, and tools for, standard prac¬ 
tices. Forms include a maintenance instruction 
(Form NavAer-5230), a work request (Form 
NavAer 5230A), and a work order and work 
accomplishment record (Form NavAer-5230B). 
Detailed instructions for preparation are printed 
on the back of each form. 

Supplies of these forms may be requested 
on Aeronautic Publications and Forms Order 
Blank, NavAer-140, from the appropriate supply 
point listed on the reverse thereof and in ac¬ 
cordance with instructions contained in the Naval 
Aeronautic Publications Index, NavWeps- 
00-500. 


MAINTENANCE INSTRUCTION, 
Form NAVAER-5230. 


,w Assume custody and accountability of 

>' assigned shop spaces, tools and equipment and 
a ssure their proper use. 


330 - Avionics Branch: 


Perform Class C and D maintenance tasks on 
g ai ^ cra ft avionics equipments and systems. As- 
j, 81st in Class E and F maintenance when di¬ 
rected by the aircraft maintenance officer. 
Perform administrative functions. 

. J® r f° rm technical functions within the scope 
ij; m Z 1 ® fol l°wing ratings: Aviation Electronics 
9 an ^f anS “ (AT )’ (ATR),(ATS),(ATN),(ATW), 
$ a strUcers ; Aviation Electricians Mates-(AE), 
ana strikers; Aviation Fire Control Techni- 
,'t ans “(AQ), (AQF), (AQB) and strikers. 

i 

n 

) Squadron Organization 


■FI _ 

am ^ e 1-2 is the organizational chart for 
ft v 2? drc ? s ‘ Note that shop and hangar di- 
ns have been combined under the 400 code, 
pi D i 9 . chart is divided into management (00), 
9 (qqq% quality control (200), material 

the Hi ^ pr ? duction ( 400 and 500). Each of 
f gj visions in a squadron has the same mis- 

f as comparable division in the sup- 
aS explained 1° connection with 


This form is used at the squadron level for 
the interpretation and issuance of orders for 
compliance with directives receivedfromhigher 
authority or to implement local instructions. It 
is prepared by a division officer designated by 
the aircraft maintenance officer and is re¬ 
viewed by the aircraft maintenance officer. 

There are two general classes of work for 
which the maintenance instruction is used: 

1. Single Action Maintenance Instruction 
(SAMI) is prepared for work of a one-time 
nature. When the work ordered is such that it 
will be completed on one aircraft or piece of 
equipment by carrying out the instructions set 
forth, and will not require further action at any 
time or in any situation oh that aircraft or piece 
of equipment, it is properly the subject of a 
SAMI; for example, an aircraft service change 
on all bureau numbers of a certain model of 
aircraft. 

2. A Continuing Action Maintenance Instruc¬ 
tion (CAMI) is prepared when the work ordered 
is such that it may recur at intervals on the 
same aircraft or piece of equipment due to 
elapsed time or as a result of some situation, 
and is properly the subject of a CAMI; for ex¬ 
ample, an inspection of landing gear required 
whenever a hard or unusual landing has been 
reported. 

A separate numbering system is set up for 
each type of maintenance instruction (SAMI 
or CAM!) for file control purposes and for 
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ORGANIZATION CHART FOR AmCRAFT MAOTEN^^ ACTIVITY 8 
PERFORMING CLASS "D", "E" AND T MAINTENANCE 
(STAFF. SHOP/HANGAR AND LINE ARRANGEMENT) 



(1) MAY BE A DIVISION AT APPLICABLE ACTIVITIES 

(2) DELETE WHEN 3100 (SUPPLY) OFFICER IS AUTHORIZED BY NAVPERS 576, AND 
ESTABLISH 140 MATERIAL SUPPORT BRANCH IN PLANNING DIVISION IN 
ACCORDANCE WITH FIGURE 1-1. 


XBA1 

ife 


mil 

ril 

al 1 


at 






5 


Figure 1-2.—Squadron maintenance organizational chart. 


cross reference on work orders. Each sup¬ 
porting work order will merely carry the serial 
number of the maintenance instruction rather 
than a repetition of an oftentimes lengthy work 
description. 

WORK REQUEST Form NAVAER 5230A 

This form is used by a supported activity 
to request that specific work be performed for 
it by its supporting activity. The work request 
originates in the support squadron for work that 
is beyond its own capacity to accomplish. The 
supporting activity reviews the request and ap¬ 
proves or disapproves. If the request is ap¬ 
proved, a work order number is assigned and 
the requesting activity is notified when the work 
is completed. If the request is disapproved, the 


reason therefor is entered on the Work Request 
and is returned to the originator. 

WORK ORDER AND WORK ACCOMPLISHMENT 
RECORD, Form NAVAER-5230B. 

This form is used to direct the performance 
of work and to carry out related supporting 
functions within the fleet maintenance activity, 
and to report its accomplishment. It is origi¬ 
nated by the planning division (Code 100) or any 
of the other divisions, when necessary, and is 
used for routine work to correct discrepancies 
or for work necessary to comply with main¬ 
tenance instructions, hi the case of origination 
by other divisions the order is routed through 
Code 100 for scheduling purposes. 
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AIRCRAFT STATUS BOARD 

This board is maintained to provide a visual 
presentation of current status information on all 
aircraft in the squadron. The aircraft status 
board (fig. 1-3) is of suitable size and ma¬ 
terial to display such information so that 
personnel having a need to know can quickly 
learn the essential facts. Size and location of 
the board will vary with each squadron em¬ 
ployment and operating conditions. 


won. 

SQUAD 

HO. 

BUREAU 

NO. 

UP OR 
DOWN 

ENGINE 

HOURS 

HOURS 

TO 

INSP 


MONTHS 

IN 

SERVICE 

DATE 

LAST 

wse 

REMARKS 

FW-I 

101 

12345 

U 

44.4 

15.6 

2nd INT 

17 

12 156 

NEXT INSP 

FW-I 

102 

12356 

0 

55.5 

23.6 

ACCEPT 

16 

1130 58 



Figure 1-3.—Aircraft status board. 


WORK STATUS REPORT 

The work status report is a periodic report 
prepared daily or weekly by the shop or division 
chief indicating the man-hours utilized on each 
work order scheduled in his particular shop or 
division. The report is prepared in duplicate, 
one copy for use in the shop to aid in work 
assignment control and one copy for the planning 
division (Code 100) to permit early adjustment 
of schedules. No format is prescribed in view 
of the variations in local operating conditions, 
practices and size of organization. 

DUTIES OF THE LEADING PETTY OFFICER 
Shop Administration 

Some of the most important duties that you 
JJ* 1 be required to perform as a First Class or 
t,hief Aviation Electronics Technician will be in 
connection with shop administration. As a shop 
supervisor you will be responsible for the work 
that is performed in the electronics shop as well 
| as that performed on the line, 
ti h. There are various aspects of shop adminis- 
: Ration. Some of the most important of these are 

>• discussed. 

t 

t 

J Z t T* 1TY ' scheduling, and assign- 
j 

' .. P^ermining which jobs should be performed 

lrst W H1 be one of your major responsibilities. 


This is an important phase of your work for these 
decisions determine the use of your facilities— 
men, material, and machinery. Routine work 
presents no particular problem to a well organ¬ 
ized shop. Rush jobs can cause much confusion 
unless you have already thought them through 
and taken steps to see that the work follows well 
founded principles. 

When scheduling work take steps to insure 
that you will have your men or crews working on 
different type jobs. If a number of men or crews 
are assigned to the same type jobs there will be 
an overdemand for certain test equipment, tools, 
and work space. This results in confusion and 
waste of time. 

You should include known future assignments 
in your work schedule. If you know that at a 
certain date you must perform certain jobs you 
can rearrange your present work schedule so 
that routine work will have already been ac¬ 
complished. 

One of the most important aids in supervi¬ 
sion is a job plan. When setting up a job plan, 
consider these questions: (1) What is the job? 
(2) how can it be accomplished? (3) how many 
men are required? (4) what tools and materials 
are necessary? Schedule activities so that work 
is accomplished in the proper sequence. This is 
especially important if you have men working on 
different phases of the same job. 

In distributing work, be fair to all the men. 
It is a natural inclination, and a part of every 
person's makeup, to give the breaks to the people 
he likes. The important thing is to realize that 
you have this inclination and to control it. Avoid 
having a man do all the work of one type just 
because he happens to be an expert in that 
particular phase of the work. Pass the work 
around so that each man will get a chance to 
develop his skill in all phases of a technical s 
work. Assign your strikers to assist with various 
kinds of work so they will get experience on all 
kinds of jobs. 

Rotating assignments makes the work more 
interesting for the men and, in addition, better 
qualifies them for advancement in rating. Another 
good reason for rotating assignments is that if 
one highly skilled man does all the work of a cer¬ 
tain type, you and your shop will be at a great 
disadvantage should he ever leave the crew. 
Finally, avoid favoritism; it leads to poor morale 
and low production. Let ability be the measure of 
your men. Never give your men reason to believe 
that the only way to get ahead is to become your 
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pal. Practice the principles of leadership and 
supervision until they become second nature. 


INSPECTION 

The supervisor's function as an inspector is 
vital to the efficiency and safety of an electronic 
shop. Frequent and thorough inspections are 
necessary to attain this twofold objective. On the 
one hand, check for cleanliness, the proper use 
of tools and equipment, and strict compliance 
with all safety precautions; on the other, insist on 
quality work. By training your men to keep the 
shop clean and orderly, you are encouraging 
orderly thought and systematic work habits which 
will be directly reflected in high quality work¬ 
manship. Through inspection you insure that jobs 
are completed with the most efficient and eco¬ 
nomical use of equipment and materials, and 
that work is performed in a safe manner. 


Training 

The Navy rightly places great emphasis on 
effective and continuous rate training. As you 
advance in seniority, it becomes your legal, 
moral, and practical responsibility to carry 
out a training program which is the very best of 
which you are capable. 

It is your legal responsibility because your 
qualifications for advancement in rating clearly 
demand that you be able to set up and execute 
an effective training program. 

Less explicit, but just as real, are the moral 
considerations involved. First of all, you are 
getting paid to do a job. Second, you are in a 
position of trust because of your greater ex¬ 
perience and technical knowledge. For instance 
pilots will most readily accept and fly aircraft 
that you, the senior shop technician, have 
worked on. To insure that they have equal con¬ 
fidence in the work of your junior men, they 
must be convinced that these men can do spe¬ 
cific jobs as well as you yourself can. The 
only way you can obtain such proficiency in 
your men is to train them thoroughly. 

Most important of all, there are practical 
aspects to the need for an excellent training 
program. Your squadron's operational readiness 
depends largely on the ability of its maintenance 
department. In turn, an important part of the 
maintenance department's work is done by the 
Aviation Electronics Technician. Consequently 


the quality and scope of your training program 
has a very real effect on your squadron's ef¬ 
fectiveness, and thus on national security. 
Another practical, though more personal, aspect 
to consider is that your own job is made easier 
each time a junior man is taught to do a job 
without close supervision. Also, when your shop 
gains the reputation of a "can-do" team, it 
reflects well on your own prestige. 


PLANNING A TRAINING PROGRAM 

The very first phase in developing your 
training program should be to determine and 
fix its objectives. On the squadron level, these 
objectives should be: 

1. Training of men on subjects of a general 
nature as specified by the Qualifications for 
Advancement in Rating. (These appear in this 
course as appendix number X.) This training is 
intended primarily to aid the men in rate ad¬ 
vancement. 

2. Training of men on specialized subjects; 
namely, the circuits and equipment used in the 
squadron aircraft. This training is intended pri¬ 
marily to improve their daily working pro¬ 
ficiency, and thus is generally of more direct 
benefit to the squadron than rate-advancement 
training. 

The second phase in developing your training 
program includes a considerable number o 
steps. The most important of these are: 

1. Evaluate each man to be instructed, fo: 
the purpose of determining the starting leve 
of the subject matter. For instance, if one o 
more of your men has never attended a serv 

ice school, you must commence instruction at th 

level of fundamental electricity and electronic.* 

2. List the subjects to be taught. The inch 
sion of a number of the items on this list will t 
dictated by the Manual of Qualifications for At 
vancement in Rating. These will be gener; 
subjects, a very few of which are electrt 
theory, Ohm's law, capacitive and inducti 1 
characteristics, and fundamental transform' 
theory. The remainder of the list will be made 1 
of specialized items pertaining only to t 
particular squadron's aircraft. 

3. Search out reference books or public 
tions which cover all the items of the foregoi 
list. You must thoroughly understand each it* 
yourself. At this same time, the subjects shot 
be arranged in the most logical sequence 1 
teaching. 
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4. Prepare a lesson plan for each subject. 
When the lesson plans are completed, they will 
have to be approved by the maintenance officer, 
because he is officially responsible for the con¬ 
tents of such training programs. 

5. Procure space for carrying out the lec¬ 
ture-type portion of your program. This will 
usually be in the electronics shop. However, if 
other space is available, you should check such 
features as possible seating arrangements, 
ventilation, lighting, and outside noise levels. 


F TRAINING materials 

12 

is There will be a limited number of items of 
training materials used in a squadron-level 
$ training program. Obviously, it would not be 
>j): practical to build visual aids such as mockups 
B and models, as is done in service schools. Your 
list of materials for the students probably will 
^ delude only note pads, pencils, and as many 
study texts as you can procure from various 
*! ^ces. Your own essential materials will in- 
12 lesson plans, training records, a black- 
F, board, and chalk. The required materials will de- 
^ pend mostly on your individual situation. For 
i?! instance, if you are in a constantly-moving 
^ !!? er £ roup writ, y Qu r blackboard should be 
portable, and should fit in a cruise box. For 
c? eaching a patrol squadron crew, the blackboard 
[I could be larger and permanently attached to a 
I bulkhead, 
b 
# 

s* TRAINING METHODS 

* 

1 Training methods cover a large field, which 
j 8 £.? ourse °* study in itself. A closer and more 

,1k Detailed study of this field is made in the Manual 

5thT N<lVy . Instructor s, NavPers 16103-B. Also, 
W Military Requirements training courses, 

11 6rs * 005 *» ^0056, and 10057 contain infor- 
r) 'nation on training. 

tlle simplest methods of training are 
^ mentioned here, but these should be sufficient for 
}: "mai squadrai-w instruction. The first 
w ,? 0n ® 1x1 y°ur training program should deal 
. electrical and electronics fundamentals. 

2 Se serve to prepare the men for the sub- 

Jh!i tea-ching of specialized equipment, 
fw wil * be taught mostly by lecturing 

invuJ 18 , a blackboard to illustrate important 

8ta« *w° U sll0uld keep in mind during this 
S that you are teaching general principles 




and terms which will be used verbatim when 
you teach specific circuits later on. That is, you 
must cover such fundamentals as vacuum tube 
theory and magnetic amplifiers so thoroughly 
that no question as to their operating principles 
will arise when they are later encountered in 
equipment. 

The teaching of fundamentals on the squadron 
level is more difficult than at service schools, 
because you probably will not have the means 
to make demonstrations, or to set up lab 
problems. Consequently, some parts of the 
fundamental lessons will have to be carried over 
into the equipment phases. For instance, it can 
be stated in the classroom that all of the power 
produced in a UHF transmitter is not radiated 
from the antenna. Later, to demonstrate this 
point, while actually checking a transmitter’s 
operation in your squadron’s aircraft, you can 
focus the students’ attention on the fact that the 
reading on the standing wave ratio (SWR) meter 
indicates that some power is lost, as compared 
to the stated power output of the transmitter. 
Thus, the student makes a mental connection 
between the statement of a general theory, and a 
factual example of that theory at work. This 
method of training is very effective. 

At its best, classroom instruction is limited 
in effect. Really useful and practical knowledge 
is gained by your students when they apply 
fundamental and theoretical teachings to actual 
equipment. When you have advanced to the point 
of commencing instruction on specialized squad¬ 
ron aircraft equipment, your training methods 
must be changed somewhat. These changes will 
involve breaking each lesson into four stages 
when teaching equipment. These stages are: 

1. Extensive circuit theory and unit function 

referencing HMI. ! 


4 . vperauon ana ooservation of the equip¬ 
ment in action, done by the student at the air¬ 
craft, under your supervision. 

3. Making calibration or adjustment, done 

only when such adjustments are actually needed 
and under your supervision. ’ 

4. Signal tracing, trouble isolation, and parts 

replacement, done when actually needed anH 
under your supervision. ’ 

Each equipment lesson will deal with onlv 
one electrical circuit or set at a time and nc 
many of the foregoing four steps as possible 
will be carried out in turn. In most ezZ,H , 
steps 1 and 2 will be carried oul asrouHnJ 
instruction. Then, when you receive a d " 
crepancy report on a circuit which has 
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taught through steps 1 and 2, one or more of 
your students may accompany you to the air¬ 
craft and carry out steps 3 and 4. This method of 
training is thus seen to serve a dual purpose; it 
gets your men trained to do a job (the second 
time without your direct supervision), and also 
routine maintenance work is accomplished. 


TRAINING RECORDS 

From the foregoing, it is apparent that dif¬ 
ferent men may become trained to different 
levels on different equipment. This is true be¬ 


cause some may miss lessons at times. T1 
is also the probability of personnel turno 
Obviously, you must see that a training re< 
is carefully kept on each man, with an e 
made each time he has undergone any of the 
stages of instruction. A very good form to us 
shown in figure 1-4. By using this form, a m 
training level for any particular circuit ot 
may be determined at a glance. 

SCHEDULED TRAINING 

It must be assumed from the start th 
inflexible training schedule will not work- 
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extreme variations in routine maintenance work¬ 
load will not permit a fixed schedule. Therefore, 
training time must be taken whenever it is 
available. That is, it is scheduled only to the 
extent that it will be done if at all possible some 
time during the day, but the time will vary. When 
training is absolutely precluded by a heavy work¬ 
load, it should be noted in the daily work log. 
Thus, the time can be made up when the work¬ 
load is lighter. 

NONSCHEDULED TRAINING 

This consists merely Of seizing unforeseen 
! opportunities for purposes of training. For 


instance, an equipment mounting rack lying on a 
workbench may present the opportunity for you to 
launch into a discussion of it. This would be an 
ideal time for you to point out such features as 
the location of the power plug and explain why it 
is slightly movable, where and how safety wire 
should be attached, and how the rack is mounted 
in the aircraft. Remember, any information you 
are able to pass to your men, regardless of time, 
place, or subject matter, is actually a form of 
training. You should, however, keep careful track 
of what you have taught, and how thoroughly each 
subject has been covered. 



QUIZ 


• The person who controls personnel assign¬ 
ment within divisions is the 

a. maintenance officer 

b. division officer 

c. commanding officer 
i d. personnel officer 

2. A good rule to remember is to censure 
privately and praise 

a. at no time 

b. to please a person 
c< in private 

d. in public 

| ^ The division responsible for the processing 
! of FURS is S 

a. material 

b. quality control 

; c • production 

d. planning 

i 1 f b ° ok containing the “do’s and don’ts” of 

leadership is 

Military Requirements 3 and 2 

b. Manual of Leadership 
K o. Military Requirements 1 and C 
^ d. How to Lead Men, Volume II 

J 5 ' Branc hes coded in the 100 series are 

I a * line * 

n b. planning 

I c - maintenance 

tj working 

| Military Requirements 3 and 2 are concerned 
j Primarily with knowledge that a petty officer 
must possess to 

f' pass his second class exams 
• work independently and assume leader¬ 
ship duties 

rf’ u tand shore patrol duty 
a - be a master at arms 


7. Your attitude toward the chain of command 

is important because 

a. the men depend on your good attitude 

b. you cannot operate without the chain of 
command 

c. things could not get done otherwise 

d. the whole structure of the Navy depends 
on ascending and descending respon¬ 
sibilities 


8. The upkeep of the aircraft status board is 
the responsibility of 

a. avionics 

b. logs and publications 

c. planning 

d. line 


9. Hangar maintenance is classified as 

a. C 

b. D 

c. E 

d. ’ F 


10. The emergency manufacture of nonavailabl* 

parts is normally done by class 
maintenance. " 

a. A 

b. B 

c. C 

d. D 




•-- y 

a. 




d. 


i --.-uuo Uldl 

a person works because he wants to 
men work because they are told to 
the men work because they fear punish 

necessary Selves whe 
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12. The first phase in developing your training 
course should be to 

a. select a room 

b. obtain training aids 

c. train in basic things first 

d. determine and fix its objectives 

13. A work status report is prepared 

a. daily or weekly by the shop chief 

b. monthly by the shop chief 

c. daily or weekly by the planning division 

d. monthly by the planning division 


14. A SAMI is known as a 

a. single action maintenance instruction 

b. standing work order 

c. work order 

d. service change metal installation 

15. Forms may be requested on Aeronauti 
Publications and Forms order blank 

a. NavAer-140 

b. NavAer—5230 

c. NavAer-5230A 

d. NavAer-00-500 
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CHAPTER 2 

SUPPLY AND PUBLICATIONS 
Aviation Supply 


YOUR JOB IN SUPPLY 

It is important that all naval personnel have 
a general knowledge of the principles of our 
present supply system in order to fully and 
correctly utilize the system. It is of primary 
importance that administrative and supervisory 
personnel have a working knowledge of the 
methods used to obtain and properly account 
for their particular supplies. 

The first part of this chapter outlines your 
functions with regard to supply and tells you in 
a general way what you should know and be 
able to do in fulfilling this part of your job. As 
a first class or chief, you will probably be 
either fully or partially in charge of maintenance 
and operation in your division. You will, there¬ 
fore, be instrumental in seeing that an adequate 
supply of authorized spare parts and other 
materials are available, and also you will help 
in planning for future needs. These, in general, 

are your main responsibilities with regard to 
Supply. 


federal cataloging system 

For many years, there were nearly as many 
jays of listing and classifying supplies as there 
ere federal bureaus and services. The Army, 
av y, and Air Force each had their own system 
o classifying, identifying, and cataloging sup- 
j. , es ’ ^ man y instances, a given item would be 
e in several different supply systems under 
ierent identifying numbers. Because of this 
nation, certain items of supply were often 
rmcally scarce in one system, while there 
™ght be a surplus of these items in another 
® m * 111 such a case, the artificial shortage 
i cause the expense of buying new supplies 
one system when they were already avail¬ 


able in another. The personnel operating one 
supply system had no way of knowing what 
another system might have on hand. Obviously, 
inefficiency and unnecessary expense resulted 
from these methods of handling federal supplies. 

Public Law 436 established authority for the 
Defense Department to develop a single federal 
cataloging system and a related program of 
supply standardization. The basic purpose of 
this program is to identify any item of supply 
carried in any government supply system with 
one distinctive name and number. In this way, 
in all services, bureaus, and departments the 
name and stock number of a given item of supply 
will be the same. 

The law requires that all standardizing 
supply data be compiled into a single Federal 
Stock Catalog, consisting of a number of volumes 
sections, and supplements. The Navy Stock List 
comprises a number of these volumes. Most of 
the parts and equipment that you will order will 
be listed in the ASO and ESO sections of the 
Navy stock List. The ASO (Aviation Supply 
Office) section is explained later in this chapter 
The ESO (Electronics Supply Office) sections 
list electronic parts used by all naval activities 

,, mt i! S 7 ™. usuall y maintain sections of 
the Navy Stock List pertaining only to supplies 
related to their particular needs. For instance 
a fighter squadron would maintain those sections 
pertaining to aviation equipment and parts whUe 
a destroyer would maintain the ones pertaining 
to shipboard equipment. However, both thf 
squadron and destroyer would probably maintain 

the section published by the Electronic q . 
Office, because that section lists electr?} 7 
parts which might be used by both activities 
For instance, a resistor of a certain * 
sistance and wattage rating mie-ht h * re “ 
both a Shipboard and an ai” mt e, T* in 
circuit. Under the old supply systL^^ 
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resistors of this type would have been carried 
in two different supply systems under two 
different stock numbers and probably in two 
different catalogs. However, under the Federal 
Cataloging System, the standardized method of 
describing and classifying parts would cause 
both resistors to be assigned the same Federal 
Stock Number and be listed in the same catalog. 
This catalog would be a section or part of a 
section controlled by the Electronics Supply 

Office. , . . 

It is important to note that the law estab¬ 
lishing the Federal Cataloging System directed 
that items of supply be listed by their description 
as well as their application. For this reason, 
you will find a description of every article 
listed in the Navy Stock List; this description 
will be as complete as practical. The following 
is taken from an Electronics Supply Office (ESO) 
section to show the description given a single 
resistor. The information given is the Federal 
Stock Number, section item number, resistance, 
tolerance (%), power rating in watts, maximum 
operating temperature, inductance if any, style 
of shape and mounting, dimensions, resistance 
to humidity, specifications met in manufacture, 
and additional information such as type of 
coating. 

Some confusion may exist at this point as 
to who would have cognizance of (control over) 
any given piece of equipment or electronic part. 
If the entire piece of equipment (such as a 
direction finder) is specialized to aviation use, 
it would be listed in the ASO section. However, 
parts of this direction finder such as tubes, 
resistors, and capacitors would be listed in the 
ESO section because they will also be used by 
nonaviation activities. 


FEDERAL STOCK CATALOG 


Navy Stock Numbers. It will do the same for 
items used by other services and departments 

as well. ,, 

An example of a federal stock number with 

the Navy prefix is shown below. 


NAVY 

PREFIX 


FEDERAL 

STOCK 

NUMBER 


R F B 


Cognizance 
symbol — 


Fraction 
code.- 


Material 
condition 
code- 


Federal group 


Federal class 



16 -30 - 345-6543 


Federal item identification number (FIIN)- 


This catalog will eventually be comprised 
of every item of equipment and supply that is 
continuously bought and used by any government 
bureau, service, or department. However, the 
only parts of this catalog you are likely to see 
will be the Navy Stock List. The conversion of 
Standard Navy Stock Numbers (SNSN’s) to 
Federal Stock Numbers (FSN's) has been a long 
and complicated process. Nevertheless, the 
Federal Stock Catalog will eventually have a 
federal stock number, standard name and 
description, unit price, and application for all 
items of supply which once carried Standard 


The Navy prefix to the FSN is a three-lett 
code that designates the following: 

1. The first letter indicates the cogruza 
office or bureau. 

2. The second letter is the fraction coc 
and indicates usage or procurement. 

3. The third letter indicates if the mater 
is new, salvage, or used, and the exti 
of renovation that may be necessary 
used equipment. 

The federal stock number contains tn: 
groups of digits. The first two groups (16 L 
the example, designate the federal supply c - 
to which the material belongs, and are ca 
FSC. The first of these groups (16 in 
example) indicates the federal supply clas 
cation group to which the material is assigi 
Following the FSC (first four digits) is 

FUN, or federal item identification numbei 

is a seven-digit group that is serially assig 
as items of material are identified. 

Variations of the federal stock number 
used. An interim stock number, for insta 
is assigned by ASO, but is later replace 
permanent FSN. Local stock numbers are 
signed by field activities to items locally 
factured or not carried as system stock i < 
Coded federal stock numbers are used to 1 
cate the type of material and the manufactv 
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All of the variations listed above use the 
federal stock number as their basis. 

The Navy Stock List will be a complete 
listing of Federal Stock Catalog items used by 
j the Navy. The Navy Stock List is further broken 
, down into sections under the control of various 
^ j offices, such as the Aviation Supply Office and 
11 ! Electronics Supply Office. Each section will 
E! 1 furnish detailed information about specific items 
$ of a general type of equipment. For instance, 
r a whole section is devoted to rectifiers as a 
general type of equipment, and then further 
broken down into specific types of rectifiers. It 
is important that the AT be able to identify and 
select that section of the Navy Stock List 
which pertains to equipment he wishes to order 
from supply. 


AVIATION SUPPLY OFFICE 

The Aviation Supply Office (ASO) is a joint 
agency of the Bureau of Supplies and Accounts 
(BuSandA) and the Bureau of Naval Weapons 
(BuWeps). The ASO exercises inventory control 
over most of those items of the Navy Stock List 
which pertain to aviation. (These items are 
grouped in the Aviation Supply Office sections 
of the Navy Stock Lists.) The primary functions 
of the Aviation Supply Office are as follows: 

1. Procurement of most aeronautical sup¬ 
plies from manufacturers or other government 
departments. 

2. Disposal of surplus materials. 

3. Distribution, control of storage, and in¬ 
ventory control of aeronautical materials after 
procurement. 

4. Completion of statistical information to 
aid in future procurement and distribution of 

aeronautical materials. 

5. Classification and cataloging of aero¬ 
nautical materials, and the distribution of such 
materials. 

6. General control and rationing of critical 
aeronautical materials with the exception of 
mat material controlled directly by BuWeps and 
fleet commands. 


Material Control 

ef 

^ unH^ 6 of all aviation material is 

J 6 v 4116 contro1 some office or bureau of 
5 e .^ av y Department or Fleet Command. That 

v a erial under the latter control is known as 


FLEET-CONTROLLED MATERIAL and includes 
those items that are critical due to shortages 
of supply. Designation of items as fleet- 
controlled material is made by ASO in the ASO 
Monthly Critical List on the basis of recom¬ 
mendations made by the Fleet Commands. Dis¬ 
tribution and issuance of fleet-controlled 
material is made only upon the approval of 
representatives of the fleet. 

The theory behind this system of rationing 
is that such scarce materials must be used 
where needed most, and the respective Fleet 
Commands, being well acquainted with their 
own operational requirements, are the people 
most aware of which activity will have the 
greatest need for each item of critical material. 

Distribution of most electronic items of 
aeronautical material is under the control of 
the Bureau of Naval Weapons. The nature of 
the material determines the cognizant agency. 
Inventory control for the majority of material 
under the cognizance of BuWeps is delegated 
to ASO. 

A partial listing of the control symbols and 
the cognizant control office or bureau that 
should be of interest to the Aviation Electronics 
Technician is as follows: 


COGNIZANCE 

CONTROL 

SYMBOL 


COGNIZANCE SUPPLY 
CONTROL OFFICE 
OR BUREAU 

Ordnance Supply Office 

Electronic Supply Office 


R . Aviation Supply Offici 

V. Bureau of Naval 

Weapons 


Forms and Publications 
Supply Office 

Ordnance Supply Office 


Distribution 

To facilitate distribution of aeronautical 
material, the Aviation Supply Office has estab 
lished several supply activities. These are- 

1. Reserve stock points. 

2. Distribution stock points. 

3 . Primary stock points. 

4. Secondary stock points. 

5. Satellites. 
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The function of each of the supply activities 
is as follows: 

Reserve stock points are activities which 
carry reserve and backup stock for the supply 
system. These units maintain storehouse facili¬ 
ties for the bulk storage of aeronautical material. 

Distribution stockpoints are activities carry¬ 
ing stock for the supply support of designated 
primary and secondary stock points. 

Primary stock points are units carrying 
stock for their own consumption and for the 
supply support of designated activities as sec¬ 
ondary stock points, fleet units, yards, district 
craft, and assigned aircraft. Primary stock 
points also furnish complete aeronautical supply 
support to activities designated as satellites. 

Secondary stockpoints are units which carry 
stock for their own consumption and for the 
support of assigned aircraft. These activities 
are shore-based units, continental or extra¬ 
continental, which are not classified at a higher 
level. 

Satellites are aeronautical activities which 
are dependent on a primary or a secondary 
stock point for complete aeronautical supply 
support. Such activities will usually be auxiliary 
air stations, air facilities, and other minor 
supply activities. 

The relationship existing between the various 
units of the aviation supply system can be 
understood better by studying the flow chart 
of aeronautical material shown in figure 2-1. 


ORDERING PARTS AND EQUIPMENT 

The AT will use many different sections of 
the Navy Stock List to obtain ordering infor¬ 
mation for the parts and equipment needed in 
aircraft maintenance. The proper use of these 
sections and other publications pertaining to 
supply will enable you to obtain replacement 
parts and equipment with a minimum of time 
and trouble. Certain publications and records 
which are not a part of the Navy Stock List, 
but are useful as references, will also be of 
much use. These include shop records, the 
Handbook of Maintenance Instruction (HMI), the 
Illustrated Parts Breakdown (IPB), and the 
Section B allowance list. 



Figure 2-1.—Flow chart of aeronautical 
material. 

Shop Material Records 

An excellent rule to follow in ordering pa 
is to keep complete shop records. A log ( 
or card file record of material ordered s 
be maintained for a number of reasons. One 
the best reasons is that these records, if P r ' 
erly kept, furnish an excellent source o 
formation when a particular part is or e 
more than once. The shop material rec 
should show the correct name of apartordei 
the stocknumber, quantity ordered, date ordei 
intended use, and the date the part is recei 1 
In addition, there should be a clear descrip 
of where the ordering information wasobta 
This should include the catalog section numl 
item number, and section page number, 
information should be recorded each time a 
is ordered. In this way, you will need to se. 
for ordering information in the Navy Stock 

for a particular part only once. Upon reorde 

this part, you can simply copy this informs 
from the material record. 

Section B Allowance List 

This list is compiled and distribute 
BuWeps and is comprised of supply items ^ 
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have the greatest turnover for a certain type 
II of aircraft. According to the number of planes 
J a squadron might have, the Section B allowance 
list gives the quantity of certain types of parts 
a squadron might ejq>ect to use over a 90-day 
period. It also shows how many of a certain 
part or component are used on a single aircraft. 

: From the standpoint of ordering parts, the 
Section B allowance list is most useful because 
it gives needed ordering information for all 
items listed. Its greatest limitation is that it 
-i lists relatively few of all the parts on an air¬ 
craft. You will become more familiar with its 
contents by using it. After repeated usage, you 
J will often know without looking which items 
appear in the Section B allowance list and which 
ones do not. 

The use of the Handbook of Maintenance 
Instructions and the Illustrated Parts Break- 
dom in obtaining stock numbers is covered in 
the following section of this chapter. 


I 

Cross Referencing of Federal Stock Numbers 

Up to now, the discussion has dealt with ways 
of finding and using ordering information without 
J using sections of the Navy Stock List. This 
L met hod did not involve the cross-referencing of 
jjj P ar * numbers to Federal Stock Numbers. When 
the ordering information for a part is not listed 
. in shop material records or in the Section B 
u ^wance lists, you must then be able to use 
. the Navy Stock List. The locating of a federal 
j 80ck number in the Navy Stock List involves 
* cert ain clear-cut steps, each of which is done in 
^ a ^finite sequence. These steps are : 

t Determine manufacturer and manu- 
factu rer’s part number of part to be ordered. 
2. Determine equipment category or part 
' ( acce ssory, actuator, instrument, power plant 
\ ac °essory, and so forth.) 

! i . ® elect section of Navy Stock List per- 
^ tai ning to that category. 

, Use Navy Stock List section to cross- 
reference manufacturer’s part number to 
Federal Stock Number. 

5. Use Navy Stock List section further to 
o^mine complete description and applications 

! , 6, Complete requisition form and submit to 
i activity supply office. 


Determining Part Numbers 

The part number is a group of letters or 
numbers, or a combination of letters and num¬ 
bers. This number is assigned to a part by the 
manufacturer, and appears on the part’s name¬ 
plate. Small parts having no nameplate usually 
bear a stenciled part number. The manufac¬ 
turer's part number for a given item may be 
obtained in several ways. The first and easiest 
way, of course, is to read it from the part’s 
nameplate. However, this is not always possible. 
The part number may have been obliterated, or 
the part may be mounted at some inaccessible 
location where the number is not visible. The 
Handbook of Maintenance Instructions will often 
give the manufacturer’s part number for major 
parts of electronic systems. In some HMI’s, a 
list of part names with their respective part 
numbers will appear on the same page as the 
schematic diagram of a system. In other HMI's, 
these numbers and the manufacturer’s name 
will be printed immediately beside the symbol 
for each part. 

Another publication, the Illustrated Parts 
Breakdown (IPB), can be of more aid in obtaining 
part numbers. The IPB has highly detailed 
illustrations of each section of an airplane by 
systems. Figure 2-2 shows one of these il¬ 
lustrations found in the IPB for anS2F, fuselage 
section. Within the rough outline of the fuselage 
is shown some of the electronic system com¬ 
ponents in their correct locations. Note that 
each component or part has a reference number. 
In the IPB, these reference numbers will be 
listed and after each reference number will 
appear the component’s correct part number 
and proper name. This name and part number 
will be used in cross-referencing the proper 
Navy Stock List section to obtain ordering 
information. 


..vwuiiiauuuy oyiZIDUlS 

The level of accountability for all material 
is not the same. This level is established by the 
accountability symbol assigned by the Bureauof 
Naval Weapons. All items received will b e 
identified with a symbol that determines the 
type of accountability required. The svmhni 
for a particular item may be obtained^ 1 
allowance lists and also from the stock L * u 01 

data section of the Navy“toc^UstTfe 
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Aviation Supply Office. In allowance lists the 
symbol is placed in a column to the right of the 
listed item; the symbol is stamped on the name¬ 
plates of serialized components. 

Accountability symbols are useful when— 

1. Requisitioning material. 

2. Accounting for material that is in use. 

3. Disposing of material (turn-in). 

4. Processing material for repair or over¬ 
haul. 

5. Accounting for lost items. 

Accountability symbols are as follows: 

1. A—Plant property. 

2. C—Consumable. These items are con¬ 
sidered expendable or consumed in use, and are 
issued without a turn-in of the replaced item. 

3. D—Disposal. These items are technical 
aviation material and are not issued for replace¬ 
ment purposes without a turn-in of the replaced 
item. 

4. E—Equipage. These items are maintained 
on a custodial signature basis and will be 
surveyed when lost or missing. 

5. O— Repairable plant property. 

6. R—Repairable. These items are not issued 
for replacement without a turn-in of the re¬ 
placed item. However, they may be drawn for 
initial installation without a turn-in. 


Inventory Control 

Inventory control may be defined as 
formulation and administration of a sys 
policies and directives concerned witn 
determination of requirements or excesse ■ 
the action necessary to satisfy such re< ^ 
ments or dispose of such excesses. Exa P 
of activities that perform these functions, 
overall BuSandA direction, are the Avia 
Supply Office (Philadelphia), andtheElectroi 
Supply Office (Great Lakes). 

Within the inventory control operation 
shore establishment, Ready-Issue Stores 
Shop Stores are for the purpose of getting si 
parts and consumables as close to the u 
possible and still keep the materials 
accounts of the Navy until they are r 
needed. . 

The supporting units for aircraft sqi& 
have the responsibility for establishing 
operating the ready-issue stores under a 
Corps officer of the shore activity. The r 
and quantity of items carried is determin* 
the supply officer, guided by usage date 
plicable allowance lists, and recommenda 
submitted by the units supported. A parti 
effort is made to stock parts and materu 
which there is the greatest demand, alt! 
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/ : quantities of items carried normally will not 
exceed requirements for 60 days. 

Shop stores are operated in somewhat the 
"| same manner as ready-issue stores except that 
they are located primarily in industrial or re¬ 
pair activity shop areas, such as in an Overhaul 
and Repair Department of an air station. In 
this manner the stored stock is specialized, 
J stock control and issue are simplified, and the 
' store is operated by personnel who are con¬ 
nected with the shop concerned and familiar 
with its material requirements. 

An inventory is the process of counting and 
recording the actual quantities of material on 
hand. Its primary purpose is to bring quantities 
shown on stock records into balance with actual 
quantities on hand. 

You will be concerned primarily with in¬ 
ventorying aircraft electronic equipment, as¬ 
semblies, subassemblies, parts, and associated 
equipment. Whether prescribed locally or by the 
controlling authority, inventories provide a 
basis for (1) requisitioning material, (2) ac¬ 
counting for use of material, and ( 3 ) disposition 
of excess material. Controlling activities nor¬ 
mally supply inventory forms specifically de¬ 
signed for reporting categories of equipments 
for which they have cognizance. 


Source Codes 

j Source codes are codes which indicate to a 
consumer a source for a part required in the 
^ maintenance or repair of an aeronautical article. 
^ s P e cifically, these codes indicate whether the 
^ material is to be requisitioned from the supply 
system; to be manufactured; to be obtained 
j jj 0 ? 1 sal vage; not to be replaced since the next 
.gj! ^ er assembly is to be installed; not to be 
,0 re Pteced due to the impracticability of replace- 
0,. ment 5 to procured for the specific require- 
to use local discretion regarding ob- 
^ tabling a replacement; or failure of the part 
indicates a requirement for complete overhaul 

# 0r scr apping of the assembly or equipment. 

11 ^ en ordering a part of an electronic equip- 
g ment » always check the source code since this 
[j e nable you to prevent much delay in pro- 
j “fjng the item. For example, an item may be 
, 1 ® only to an overhaul and repair activity 

10 by knowing this you will not submit an in- 

# Th Prect requisition for that particular item. 
Dll Dy? codes are listed in the Illustrated Parts 
p eakdown s adjacent to the named part. 


Source codes are assigned by BuWeps with 
the assistance and recommendations of the 
Fleet, ASO, O&R activities, and others. Antici¬ 
pated or known usage is the primary factor in 
the assignment of source codes. 

It should be noted that bulk materials, 
standard AN hardware, washers, nuts and bolts, 
and so forth are not assigned code numbers 
but are stocked and considered as items of 
normal inventory stock control. 

Source codes that apply to most of the equip¬ 
ment and parts that the Aviation Electronics 
Technician is required to work with are as 
follows: 

Source code P applies to items which are 
purchased in view of known or anticipated usage 
and which are relatively simple to manufacture 
within the Navy, if necessary. 

Source code Pi applies to items which are 
purchased in view of known or anticipated usage 
and which are very difficult, impractical, or 
uneconomical to manufacture within the Navy. 

Source code P 2 applies to items for which 
little usage is anticipated but which are pur¬ 
chased in limited quantity for insurance pur¬ 
poses. Items coded P 2 are difficult to manu¬ 
facture, require special tooling and/or stock 
not normally available within the Naval Estab¬ 
lishment, or require long production lead time. 

Source code P 3 applies to detail items which 
are purchased in quantity in accordance with 
the life expectancy of the part. Items coded P 3 
are deteriorative in nature and may require 
special storage conditions. 

Source code P 4 applies to end items which 
are procured for initial outfitting only, and 
which are placed by salvage, manufacture, or 
assembly at the lowest capable level of main- 


enance. 

Source code M-F applies to items which are 
:apable of being manufactured within Class C, 
) e, or F activities. Items coded M-F have no 
inticipated or relatively low usage, nor do they 
>ossess restrictive installation or storage 
actors. With respect to support equipment, the 
nanufacturing activity may alter the design, 
naterial, and/or processes provided that fit, 
Unction, use, and safety are not impaired. 

Source code M-O applies to items which are 
capable of being manufactured within Class A or 
3 activities. Items coded M-O have no antici- 
>ated or relatively low usage, or possess re- 
itrictive installation or storage factors. 

source code A-F applies to assemblies 
vhlch are not purchased but which are to be 


31 


Digitized by t^ooQie 


s\onm\ 30 Ki-vsH-aAWivv 




assembled within Class C, D, E, or F activities 
orior to installation. 

Source code A-O applies to assemblies which 
are not purchased but which are to be assembled 
within Class A or B activities prior to mstalla- 

UOI Source Code N applies to items which do not 
meet established criteria for stocking and which 
are normally readily available from com¬ 
mercial sources. These items are purchased 
on demand and are for immediate consumption 
and will not be stock numbered. 

A working knowledge of the source coding 
program will enable you to more efficiently 
carry out your duties in effecting repair of 
equipment with a minimum of delay in waiting 
for replacement parts. Source coding of aero¬ 
nautical articles insures a more effective con¬ 
trol over manufacturing and procurement, es¬ 
tablishes a universal means of obtaining 
material, and eliminates questions in the tech¬ 
nician’s mind as to the proper sources of supply. 
A description of the source codes is in the front 
of the Illustrated Parts Breakdowns . For detailed 
information on source codes refer to BuAer 
Instruction 4420.3. 


SCREENING ELECTRONIC EQUIPMENT 


the material or equipment that requires screen 
ing and/or overhaul prior to being placed in 
Ready for Issue (RFI) condition. 

Materials returned as excess equipmen 
that are in proper operating order, will t 
identified as RFI. 

Whenever activities are unable to ene 
repairs to a unit, assembly, or part whr 
necessitates return to Supply for dispose 
and the requisitioning of replacement becau, 
of the lack of parts, tools, test equipment, 
inadequate facilities, a report to that effe 
shall be made to the Bureau of Naval Weapo 
for analysis and study. This report may 
submitted as a comment on the failure repo 
by official letter, or other means. The : 
formation submitted will be used for purpo^ 
of planning, correcting deficiencies, and l 
proving field maintenance. 

In the event a component or test feature c 
specific item of test equipment is defective,: 
the cognizant activity desires to utilize e 
porarily the other components of the unit, 
complete test equipment may be retained ar 
requisition submitted to the cognizant sui 
officer. The requisition shall bear a no a 
that the unit is being retained pending rec 

of a replacement. For more detailed informa 

about repair of test equipment refer to Bu 


As a first class or chief, it will be your 
responsibility to determine if an electronic 
assembly or part should be repaired or turned 
in to Supply for credit or disposition. By utilizing 
spare equipments, spare parts, tools, and test 
equipment provided or available, using or 
servicing activities should exert maximum effort 
to effect repairs to defective equipment within 
their own organization. 

When it becomes necessary to return ma¬ 
terial, there are prescribed procedures to be 
followed. The procedures are somewhat involved 
and require a great deal of effort, but are set 
forth in the Bureau of Supplies and Accounts 
Manual to facilitate this phase of electronics 
maintenance. All material that is returned 
should be identified with a color-coded tag or 
label. These denote whether the equipment or 
part is RFI, requires screening, is rejected, 
is repairable, or is a salvage component. Local 
instructions will provide you with directions 
for labeling and tagging your equipment. 

Electronic equipment in need of repair or 
overhaul is returned to Supply as prospective 
condition code E or B material. This identifies 


MATERIAL RELIABILITY REPORTS 

The purpose of the Naval Aeronautical 
terial Reliability Program is to enaoi 
Bureau of Naval Weapons and its contra 
to rapidly perform both statistical and ec 
analyses of equipment failures an o 
steps to insure that more reliable equip 
developed. The major aspects of the pro 
are the collecting, compiling, and analyz. 
service experience with naval aeronautica 
terials to determine areas of immediate fai 
and trends of impending failures, and 
ordinate efforts to correct material defied 
to improve flight safety, operational utili 
logistic support for operating aircraft. 

The Material Reliability Program ui 
two basic forms entitled Failure, Unsatisfa 
or Removal Report, (FUR) NavAer-3069 
3-60), and Electronic Failure Report, 
DD787, for reporting all failures, f al ^ 
malfunctions of aeronautical material. ( 
The EFR is discussed in the training 
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^ AT 3&2, NavPers 10317-A.) Operating activi- 
1Cf " ties are responsible for the prompt submission 
of failure reports. As a first class or chief, 
“y you should insure that the reports submitted 
,u from your shop contain an accurate description 
, of the failed item, including the correct stock 
" number, part number, manufacturer, and con- 
.1' tract number. Extraordinary efforts should be 
^ made to determine precise causes of component 
failures or malfunctions that are involved in 
aircraft accidents and FLIGA's (forced landings, 
incidents, ground accidents). If the determination 
r * of the causes of failures or malfunctions in 
“■ these categories is beyond the capabilities of 
the reporting custodian and local supporting 
activities, priority disassembly and inspection 
1 reports or laboratory analysis reports, as ap- 
^ propriate, should be requested. 


Failure, Unsatisfactory, or Removal Report 
(FUR) 

Figure 2-3 illustrates a completed FUR. 
This is the latest revision of the FUR form as 
of the date of this writing. It must be re¬ 
membered, however, that the material reli¬ 
ability forms (EFR and FUR) are revised 
periodically to meet the changing needs of the 
service. For that reason, it is impracticable to 
include here detailed instructions as to how 
each entry on the form should be completed. 
When the form is revised, the BuAer/BuWeps 
revision notice is usually accompanied by suffi¬ 
ciently detailed instructions for proper filling-in 
of the form. For the latest information relating 
to these forms refer to the current BuAer/ 
BuWeps instruction. 



Figure 2-3.-FUR (NavAer 3069, Rev. 3-60). 
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FUR’s are used throughout naval aviation to 
report failure or malfunction of parts, units, 
subassemblies, assemblies, sets, equipments, 
systems, and conditions. They serve to maintain 
a continuous system of reporting material and 
condition status of operating units and equip¬ 
ments so that weak spots may be eliminated 
and progressive improvement result. All main¬ 
tenance and operating activities and units use 
the FUR, and it is mandatory that these forms 

be properly completed. 

A FUR may be any one of four types, de¬ 
pending on what failure or unsatisfactory con¬ 
dition is being reported. A routine FUR bears 
no amplifying remarks; the checking of ap¬ 
propriate squares in each numbered space gives 
sufficient information. An AMPFUR, however, 
bears amplifying remarks. Whenever the re¬ 
marks space contains an amplifying statement, 
the report is an AMPFUR. 

URGENT and SAFETY OF FLIGHT FUR’S 
are high-priority reports. The following criteria 
are suggested for priority report submission: 

1. URGENT AMPFUR 

a. Flight safety is not involved. 

b. Aircraft availability is seriously im¬ 
paired for assigned mission as a result of a 
particular material deficiency. 

c. Major material deficiencies are ex¬ 
perienced on newly assigned aircraft, or on 
new production aircraft. 

d. No indication or corrective action 
being taken on previously reported failures or 
malfunctions in which excessive maintenance 
time is required. Activities should insure such 
problems have not been reviewed in the Re¬ 
liability Digest prior to report submission. 

e. Unusual occurrences of material fail¬ 
ures for which the cause cannot be determined. 

2. FLIGHT SAFETY AMPFUR 

a. Failure or malfunction is the primary 
cause of an aircraft accident, forced landing, or 
incident. 

b. The primary cause of an accident or 
incident is undetermined, but a material de¬ 
ficiency was involved. 

c. Any other occurrence involving ma¬ 
terial deficiencies which in the opinion of the 
commanding officer involves flight safety. 


MAINTENANCE USAGE DATA 


Maintenance usage data give percentages of 
replacement relative to hours of aircraft and 


equipment operation. These percentages of re¬ 
placement are applied to operational plans to 
determine probable future usage. Usage data 
are used in connection with the PURS (Program 
Usage Replenishment System) Program and as 
such are an important part of that P rogr ^ be ' 
cause it furnishes data from the field and fleet. 
Usage data determine the quantities of matem 
that will be placed on allowance lists. With 
in mind, you can easily see the importance (A 
the information that they contain. The lack o 
accurate and timely usage information can caus 
material shortages. Only a well-organized am 
smoothly functioning usage data program cai 
show realistic material needs, and reduce to 
minimum the element of guess work in tn 
determination of material requirements. 

Maintenance Usage Data Report forms ar 
provided for the use of activities repor 
usage data. The cover page form indicates 
model aircraft or the type of the avionic equif 
ment for which usage data is being coUec 
Operating maintenance activities designa 
the cognizant command use these 
usage report. Ultimate consumer activities su 
as carriers, tenders, self-supporting aircn 
squadrons, other designated squadrons, crm 

ers, Reserve Air Stations, FAETU s, A 
serve Training Units, and Marine Servi 
Squadrons will be designated to submit u 
reports. The reports are submitted monin y 
the Aviation Supply Office. On the activity^ 
they are submitted by the Maintenance an / 
Electronics Officer and approved by the c 
manding officer. 

The report forms consist of a cover 
instruction page, operational data an 
marks” page, usage section, and “wr e- 
page. These forms are distributed direc j 
ASO to the activities designated to submi u 
data. Usage occurring on items not appea 
in the form will be legibly written-in on 
blank page provided. To be of value to 
utmost care should be exercised in hilly i ® 
fying the write-in items reported. Wr 
items must show the stock number (or m< 
facturer part number), brief nomenclature, 
of issue, and quantity used. For avionic' wi 
in” items, identify the usage by part nuna 
reference symbol, and major assembly. 

Usage data are important and entail a 1 
deal of work. An accounting of materials 
must be made, so learn what should be 
and how to do it. The big problem is r 
filling out the necessary forms, but it is 0 
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[55(jj keeping correct and up-to-date records of the 

plai materials that have been used. With proper 

32j5i records you should experience little trouble in 

typ fulfilling this administrative responsibility of 

iri your rate. 

pal 

aodfle 

Otai aircraft inventory logs and records 

m 

irta» An aircraft inventory log or inventory record 
5 lal is used to facilitate the transfer of naval air- 
ana craft between activities, giving assurance that 
aiidi aircraft and its equipment are intact. No 
jam aircraft will be transferred or accepted without 
ducei 111 inventory log or record. A log or record, as 
kill case may be, is provided for each aircraft 
8 . and is generally kept by the log section of the 
Adi maintenance department. Presently, both type 
■q«i reports (log and record) are used by the Navy; 
ateil ^ owever , all new aircraft are provided with the 
record type report. 

(il(j Standard Inventory Log is an official 

■$. BuWeps publication bearing a NavAer desig¬ 
ns* nation applicable to each specific aircraft 
model. The Aircraft Inventory Record is a 
aiifi Department of Defense publication, and those 
i 0 j prepared for the Navy do not bear a NavAer 
jfyl designation. 

55it The log is subdivided into groups of equip¬ 
ts* ment (for example, instrument and navigation, 
jM arm ament, and electronic). The components 
jyki hereof are listed in alphabetical sequence and 
id acc °rding to their location in the aircraft, with 
bed j® exception of the electronic equipment in 
which case all units of an equipment are listed 
erp* ^ one Place regardless of their location in the 
id ■ , numbers are also supplied for 

rlt^ vidual items, and are used for ready 
eft e erence when replacements are required, 
lit# di he record includes a sectional breakdown 
ipd* the applicable aircraft. This diagram 

iff 1 ^ nsists of a side elevation and/or the plan 
toi 1 or'firi a Wing » or in tbe case of twin-boomed 
■0 T f yi ?S wing aircraft, the perspective view. 

# * cmta t e inventorying, the sections of the 
^ beinD- am f re identified by letters, the letter A 
rt 1 next assi&ned to tbe foremost section, B to the 
lfll atm!. 80 0n > generally to the rear of the 
$ numh * * e ^ er as part of the item 
th P er » denotes items mounted on the exterior of 
if “ 8e ^ e , and the letter F denotes items to 
$ (j ivi . acces s is gained from the fuselage. Sub- 
lowe 10ns of sections may be identified by a 
^ eoui^ CaSe * etter such as Aa, Ac, and so forth. The 
;(* pment list portion of the record is divided 


into sections, each of which lists the items 
pertaining to a particular section of the air¬ 
craft, as indicated on the sectional breakdown 
diagram. Within each section, individual items 
are numbered as nearly as possible in the 
sequence of their physical location in the air¬ 
craft without regard to their relation to specific 
equipment. Stock numbers are not supplied as 
part of the equipment listing in Inventory 
Records. 

Standard Inventory Logs are prepared and 
distributed by the Aviation Supply Office, and 
are kept as up-to-date as possible. Logs are 
distributed at the time of acceptance of each 
new aircraft. Reissues and revisions are dis¬ 
tributed directly to the reporting custodians. 

The Aircraft Inventory Record is prepared 
by the applicable aircraft manufacturer, and 
delivered with each individual aircraft. They 
are kept up-to-date by the activity to which the 
aircraft is assigned. 

Upon transfer of an aircraft, representatives 
from the transferring and receiving activities 
will jointly inventory and record, in the ap¬ 
propriate column provided, the quantity of each 
item which is ascertained to be on board the 
aircraft at the time of transfer. In the case of 
missing items, the transferring activity will 
make every effort to locate the missing items 
or to withdraw from store the replacement 
items necessary to complete the inventory. If 
it is impossible to locate or supply the missing 
items, the notation "Missing items are not 
available" shall be placed on the Report of 
Inventory Form in the Standard Inventory Log 
or the Shortages Form in the Aircraft Inventory 
Record. An explanatory statement signed by the 
transferring representative shall be placed with 
this form, indicating the authority for these 
shortages. On the basis of this statement, the 
receiving activity will fill the shortages from 
stock and account for them in the normal manner. 

When an aircraft is stricken (disposed of), 
the Standard Aircraft Inventory Log or Aircraft 
Inventory Record will normally be destroyed at 
the time of disposal of the aircraft. In the event 
that an aircraft is being transferred to other 
agencies, private concerns, or other govern¬ 
ments, and so forth, the inventory log or the 
record will be transferred with the aircraft as 
security regulations permit. On occasions when 
an accident causes strike of the aircraft, the 
inventory log or the record will be retained by 
the striking or salvaging activity as long as 
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required by authorities conducting the investi¬ 
gation, and then destroyed. 


SURVEY OF MATERIAL 


When property must be reevaluated or ex¬ 
pended from the records due to loss, damage, 
deterioration, or normal wear a survey must 


be made to obtain proper authority to write thi 
material off the books. The survey requestpro 
vides a record showing the cause, condition, re 
sponsibility, recommendation for dispositioi 
and authority to expend material from the rec 
ords. Think of a survey as being anadministrs 
tive examination into the cause of mate rial beii 
lost to use. Figure 2-4 shows the standard sui 
vey form that is used when a survey is mad 


NAVAL AIR TECHNICAL TRAINING CENTER 


MEMPHIS 15, TENN. 


REQUEST FOR SURVEY 




R.D. SHANNON. CDR. USN 


ITEM 1. R-3, ITEM 2. R-2 



1 Jan 59 



OIIGINAIO* (S-9«oN*« o*d 


J. J. SMITH, CDR (SC) USN 


0UAR1I1T I UMI1 KICI 


SIGNED BY RESPONSIBLE 1 
OFFICER OF DEPARTMENT 
IN WHICH MATERIAL 
IS LOCATED 


A CTION BY COMMANDING OFFICER OR DELEGATE 
ItlGNATUIt fC O ot d0bgo*) 


J.D. JONES, CAPT, USN 


SURVEY REPORT AND RECOMMENDATION 


OBSOLETE; REF: TRAINING DEVICE DISPOSAL INST. 
FILE NO. T31:LAL5658/9 CNATECHTRA LTR 3A/3 OF 
12-9-58 WITH END, DATED 12-29-58. 


RECOMMENDATION: EXPEND FROM PLANT ACCOUNT AND TURN OVER TO PROJECTOR 
REPAIR SHOP FOR POSSIBLE SALVAGE OF SPARE PARTS. 

TURN IN RESIDUE TO SUPPLY. 


SIGNED BY C.O. OR OFFICER 
DELEGATED BY C.O. TO 
INITIATE SURVEY AND 
REVIEW REPORT OF SURVEY 


_ Review of survey report 

UGNATUIt (CO. d.Vgm.1 


J.D. JONES, CAPT, USN 



COMPLETED BY SUPPI 
OFFICER RESPONSIBl 
FOR DISPOSITION ANI 
EXPENDITURE 


Figure 2-4.-Survey Request, Report, and Expenditure (S. and A. Form 154). 
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A survey may be either informal or formal, 
depending on the circumstances. 

A formal survey is required for those classes 
of materials or articles so designated by the 
bureau or office concerned, or when specifically 
directed by the commanding officer. A formal 
survey is made by either a commissioned 
officer or a board of three members. At least 
one of the board members must be a com¬ 
missioned officer. The commanding officer 
appoints those who serve on the survey. Neither 
the commanding officer, the officer on whose 
records the material being surveyed is carried, 
nor the officer charged with the custody of the 
material being surveyed, may serve on a survey 
board. 

An informal survey is made by the head of 
the department having custory of the mate rial to 
be surveyed. Informal surveys are used in all 
cases when a formal survey is not required or 
directed by the commanding officer. 


PREPARATION OF REQUEST FOR SURVEY 

You will not have the responsibility of pre¬ 
paring final survey forms; however, as a first 
class or chief, you are apt to be required to 
provide your division officer with certain in¬ 
formation when he is making a survey. Because 
°f this, you should be familiar with the general 
Procedures that are followed. 

A request for survey may be originated by 
J . epar * me nt, division, or section head or a 
esignated subordinate as prescribed by local 


regulations. Normally, requests for survey are 
originated in the department having custody of 
the material being surveyed. The initial survey 
request is made on a rough copy of S. and A. 
Form 154. A statement by the originator is 
placed on or attached to the request for survey 
relative to the condition of material; cause of 
condition surrounding the loss, damage, dete¬ 
rioration, or obsolescence of material; respon¬ 
sibility for cause or condition of material or 
reason why responsibility cannot be determined; 
and recommended disposition of material or 
action to be taken. 

Upon receipt of the rough copy, the desig¬ 
nated group or section prepares a sufficient 
number of smooth copies of the request for 
distribution in accordance with local regulations. 
The smooth survey request is filled out down to 
the caption Report. It is then forwarded to the 
commanding officer who will determine whether 
the survey will be formal or informal. If formal, 
the survey request is forwarded to the desig¬ 
nated surveying officer(s); if informal, it is 
forwarded to the head of a department for 
survey action. 

The statement by the originator as to cause, 
condition, and so forth, is attached to the smooth 
request for survey for evaluation by the sur¬ 
veying officer(s). After the survey has been 
completed by the head of a department or 
surveying officer(s), it is returned to the com¬ 
manding officer for review and action. After 
approval by the commanding officer, the survey 
request is forwarded to the cognizant Fleet 
Command and/or Bureau for final review and 
approval when so required. 



Publications 


in s afirSt class or chief, your responsibilities 
Election with installation, adjusting, main- 
be m testin £ electronic equipment will 

a lnJ*™ £ reater than they were when you were 
to h Gr r ^ ted P ett Y officer. You will be required 
ave and accurate answers to many 

® ince there is a wide variety of this 
read e( * ui P ment , y ou cannot expect to have a 
y answer to all questions. However, you can 
that me . faini liar v!4th the published materials 
ablp C f ° ntain answers and by so doing will be 
Rcati ° take posi * ive action. Some of the pub-^ 
becR 0 * 13 s k° u ld prove most helpful will 


(NOTE: As of 1 December, 1959 the Bureau 
of Aeronautics and the Bureau of Ordnance 
were combined as the Bureau of Naval Weapons. 
Since that date publications are being issued 
under the new designation of BuWeps; however, 
publications already issued and bearing the 
BuAer (Bureau of Aeronautics) designation may 
remain current for several years. In this chapter 
the Bureau of Naval Weapons designation will 
be used in connection with most publications; 
however, specific reference to existing Bu¬ 
Aer publications will remain as originally 
designated. 
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The above is also true for publications 

designated NavAer.) NavPers 

The training course AT 3 & 3, wav^ers 

103 17-A, contains a section on publications. 
Coverage is given to various handbook pub¬ 
lications issued by BuWeps (HMI, HOI, HSI, 
IPBV general letter publications (BuWeps In¬ 
structions and Notices); EMC's and EMB s, 
specific letter publications (Changes or Bulle¬ 
tins) • the Naval Aeronautic Publications Index, 
and the Navy Directives System (Instructions 
and Notices). This information will not be re¬ 
peated in this chapter. Note, however, that TO's 
and TN’s, described in AT 3 & 2, have been 
abolished since that source was written. 

SPECIFICATIONS AND STANDARDS 


Specifications are written to insure that the 
products manufactured for the Navy meet certain 
requirements. They are written primarily for the 
manufacturer; however, the information that 
they contain can be of much use at the operating 
or squadron level. 

Specifications are clear and accurate de¬ 
scriptions of technical requirements for a 
material, a product, or service. They include 
the procedure for determining that the require¬ 
ments have been met. Specifications do not 
remain static after issue but are amended or 
revised as conditions and requirements change. 
Those that are written for use by the Military 
Departments will be issued in either the 
FEDERAL or MILITARY series. They are 
printed in a standard size, 8 by 10 1/2 inches. 
Only the military series will be described since 
most of the specifications that can be of use to 
you will be this type. 


Military Specifications 


are the letters MIL followed by a single lettei 
which is the first letter of the first word in th 

title, and a nonsignificant serial number. Moi 

of the specifications that can be of help to yc 
are prepared by or under the direction 
BuWeps. These are intended for use particular 
in applications to naval aircraft, and as sui 

.. -- 1, _ X _1_.14 Uo otrailaKlp 


your activity. 

The publication List of Military Specificatio 

and Standards used by the Bureau of Aeronautic 

NA 00-25-544, is a complete listing of t 
military specifications and standards used 
naval aviation. These specifications maybe us 
as an aid in the performance of a particu] 
installation or test; they also provide an 6 
cellent source of information of a gene 


nature. 

Examples of information that may be < 
tained from military specifications listed 
this publication are as follows: 


MIL-STD-704, Electric Power, Aircr 
Characteristics of 

MIL-B-5087A(ASG), Bonding, Electr 
(For Aircraft) 

MIL-W-5088B(ASG), Wiring, Aircraft, 
stallation of 


Military Standards 

These include engineering practices, ch. 
categories of dimensional and functionalde 
graphs, formulas, and lists. They are norr 
issued in book form, but may be in unit 
form when the standard requires only one s 
These standards are identified by the sy 
MIL-STD followed by a hyphen and A 
numerals assigned to the standard. An exa 
of a military standard is as follows: 


Military specifications (formerly known as 
Joint Army-Navy specifications) cover ma¬ 
terials products, or services used only or 
predominantly by military activities. These 
specifications were issued first under the 
auspices of the Joint Army-Navy Specifications 
Board as JAN specifications. As existing JAN 
specifications are revised, the prefixes are 
changed to MIL although the number remains 
the same. 

Military specifications are identified by a 
symbol composed of three parts. These parts 


MIL-STD- 15A, Electrical and Elect 
Symbols 

The purpose of this standard is to est 
h uniform system of symbols for use on 
ings of electric and electronic circui 
establishes principles governing the fori 
and application of electrical and elec 
symbols. Also, it provides a list of such 
bols for electrical and electronic pari 
assemblies or subassemblies shown ondia 
(wiring, schematic, and so forth). 
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TYPE COMMAND BULLETINS AND 
INSTRUCTIONS 


“• The final operational control of naval aviation 
“! rests with the Fleet and Task Force com- 
■ manders. Yet, in a sense, the Commanders 
Naval Air Force U. S. Pacific Fleet and Atlantic 
® ! Fleet direct naval aviation. They establish 
policies regarding the organization, mainte- 

* nance, and employment of fleet aviation; study 
® the strategic situation and make recommenda- 

* tions concerning the distribution of naval air 
forces; and advise the Fleet commanders on 

® air operations. Type commanders (COMNAV- 
® AffiPAC and COMNAVAIRLANT) are respon- 
15 sible for overhaul and maintenance of aircraft 
® and supplies, for squadron training, and for the 
preparation of operational doctrines for all types 
! of aircraft. In performing these functions 
* l COMNAVAIRPAC and COMNAVAIRLANT main¬ 
tain close liaison with DCNO (AIR) and the 
Bureau of Naval Weapons. 

Type commanders issue technical publica- 
^ tions > usually in letter or directive form, that 
contain information for maintenance personnel. 
Bulletin type releases are usually used in 
promulgating this information. As of June 1957, 
COMNAVAIRPAC information was released in 
one of the following types of bulletins: 


SOURCES OF INFORMATION 

There are a great number of publications that 
pertain to your work. If properly used, they 
provide very useful information that can be of 
much help. It is the responsibility of your com¬ 
mand to make these publications available to 
you. It is your responsibility to see that they 
are adequately used. 

The following sources of information, with 
brief descriptive statements, should prove help¬ 
ful and are given as a ready reference. A 
suggested method whereby general interest 
materials may be readily available is to place 
them in suitable binders and keep them in 
the shop. 


U. S. Navy Safety Precautions, OpNav34Pl 

This publication is a rather complete text 
on the subject of naval safety and is the result 
of compiling all directives and publications 
previously issued on the subject. All super¬ 
visory personnel should become familiar with 
the chapters dealing with aviation and the chap¬ 
ter on electricity and electronics. 


CATEGORY 


\ Genera l Aircraft Bulletin. GAB 

J Model Aircraft Bulletin. AB 

t General Engine Bulletin. GEB 

i 

Model Engine Bulletin. EB 

Special Weapons Bulletin. SWB 

General Avionics Bulletin. GAVB 

t 

Aircraft Model Avionics Bulletin. AVB 


I Cata pult and Arresting Gear Bulletin . . CAGB 

General Support Equipment Bulletin. . . GSEB 

ti 

J on Bulletins a **e numbered consecutively for 
i vp e " year P er *°d s and include the calendar 
f J n a J r * ^ bulletin for each of the various cate- 
:,, r * s published during January which lists 
** Active bulletins. 


Substitution Guide for Electron Tubes, 
Transistors, and Rectifying Crystals 

This publication is a part of the Navy Stock 
Lists. It is Section FSC 596 (Federal Stock 
Catalog) of the Electronics Supply Office catalog. 
As the title implies, it is a guide that may be 
used to determine what respective tubes, tran¬ 
sistors, or rectifiers may be used interchange¬ 
ably. Directions to be followed when locating a 
substitute item are included on the back side 
of the cover sheet. 


Handbook of Operation and Service Instructions 
on AN Electrical Connectors, AN 03-5-90 

This handbook covers the description, se¬ 
lection, preparation, installation, and mainte¬ 
nance instructions for commonly used AN 
connectors. It may serve as a source of general 
information for the technician and also as a 
training guide for those inexperienced in the 
construction of cables using AN connectors. 
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Tndex-Transmission Lines and Fittings, 

^NavShips 900-102B (ASESA 49-29A) 


This publication contains charts and tables 
which aid in the selection of proper cables and 
fittings to be used in constructing coaxial lines. 


Reduction of Radio Interference In Aircraft, 
NavAer 16-1-521 


The purpose of this manual is to present 
information which will serve as a guide to the 
aviation industry and to naval aircraft mainte¬ 
nance activities for achievement and maintenance 
of the lowest practicable level of radio inter¬ 
ference in naval aircraft. It may be used as a 
guide to enable you to determine the type of 
interference, to locate its source, and to provide 
a means for its elimination or suppression. 
The information is presented under the following 
headings: 


1. Purpose. 

2. Types and Effects of Radio Interference. 

3. Sources of Radio Interference. 

4. Interference Coupling. 

5. Basic Installation Planning for Radio 
Interference Control. 

6. Radio Interference Reduction Compo¬ 
nents; Their Selection, Application, and 
Installation. 

7. Bonds and Bonding. 

8. Shields and Shielding. 

9. Testing for Radio Interference. 

10. Maintenance Aspects of Radio Inter¬ 
ference. 


Handbook, Aircraft Inspection Requirements 


Sheet(s) for that aircraft. These check sheets 
break down the daily and preflight inspection by 
aircraft sections and systems. 

The Handbook of Inspection Requirements 
Intermediate and Major is composed of two 
parts. Part 1 contains general instructions, 
definitions, special inspections, replacement 
schedules, and a listing of applicable references. 
Part 2 is a master copy of the Intermediate 
and Major Inspection Check Sheet (s), organized 
by systems, including entry space for additional 
work to be performed, discrepancies noted and 
corrected, and parts added and removed during 
the inspection. 


These handbooks contain complete require¬ 
ments for periodic maintenance inspections and 
Periodic replacement of accessories and com- 
Ss applicable to the aircraft to ^ch the 
K ^rtbook pertains. They are used in the prep- 
a“tton of check sheets. These handbooks are of 
? tvnes-(D the Handbook of Inspection Re- 
tw tSs Daily and Preflight and (2) the 

9 Ahnok of Inspection Requirements Inter - 
Handbook oj ^ Such handbooks are pub- 
ntediate particular model aircraft. 

Ushed for ea ?* Qf i ns p ec tion Requirements 

7 he Jd, a preflig ht is composed of the master 
Daily and PJ*^ prefligh t inspection Check 
copy of the u 


Handbook of Installation Practices for Aircraft 
Electric and Electronic Wiring, 
NavAer 01-1 A-505 


This handbook was written for the following 

purposes. together under one cover th< 

recommended practices and teotoljestob 
used for installing, repairing, and main 
aircraft electric wiring. Virtues an 

2. To standardize these techniques^ 

methods so that electrical installatio 

done in a uniform manner. . ^th tl 

3. To indoctrinate all personn 
importance of good workmanship- 

4. To point up the failures which may 

from poor workmanship. nolnt ing out a 

5. To promote safety by P° 

prohibiting unsafe practices. handb0 

The information contained *“ wledge a 
represents the best curren It 1 

practice in the aircraft ^ctric^^ aggi 
been compiled with the c0 °f Airframe mai 
ance of the country's 1 f iad ^Ld militaryov< 
facturers, airline operators, • illuS trati 

haul and repair bas ® s * Ma S > manufacturers 

have been provided by th “ rcraf t. 
electrical accessories us re ^ cJ 

The topics covered connect; 

preparation, (2) general P / 4 j g0 lderl 
(3) RF connectors thermocc 

terminations and splicings. ; / 6 ) bonding 
wire soldering and ^^^ation, (8) c0r 
grounding, (7) 

fabrication, (9) installation and tern 

junction boxes, proteettve <tevi ^ allati on. 
Strips, (10) electricalvrtrtag i g> and 
lacing and tying, (12) saiei-y 
emergency repairs. 
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s® Copies of this handbook should be readily 
to? available in the electronic shop. It can be of 
much assistance to the leading petty officers 
* for it contains the answers to many special 
M maintenance problems. Also, it is an excellent 
^ source of information for the strikers and lower 
® rated men and you should use it as a teaching 
® aid in carrying out your on-the-job training 
0 duties. 


You must know how to properly use the index 
in order to obtain the best results. Instructions 
are contained in the front part of each section. 
By carefully studying these instructions and 
familiarizing yourself with the total contents of 
the index you will have a knowledge of the many 
uses that it can serve. 


IE 

Naval Aeronautic Publications Index, 
NavWeps 00-500, NavWeps 00-500A, 
NavWeps 00-500B 

This index is composed of three parts (three 
^ separate publications). A description of each 
^ part is given in the Navy Training Course 
AT 3 & 2, NavPers 10317-A, and will not be 
repeated here. Attention is given to the index 
in this course because with all probability, it 
*' :r ' can be of more help to you as a first class or 
chief than any other publication. For example, 
e1, the information in the index can be used for 
1 determining what equipment is installed in a 
^ particular aircraft, for obtaining code numbers 
and titles when preparing orders for publica- 
8(1 tions , and for many other uses. It contains a 
complete numerical listing of almost all of the 
publications that you will need in connection 
with aircraft electronics maintenance. 

reJ 

It! 


Aviation Electronics Officer’s Guide, 
NavAer 00-80T-64 

This publication is issued by the Office of 
the Chief of Naval Operations, Aviation Training 
Division. It is a compilation of information 
prepared primarily to assist the naval aircraft 
electronics officer in the performance of his 
technical and administrative duties. Since some 
of the duties of the ATC and ATI closely parallel 
those of the electronics officer this publication 
can be of use as an excellent source of in¬ 
formation. 

The major sections of the publication are as 
follows: introduction to naval aeronautics or¬ 
ganization; safety; technical duties; reports, 
records, local directives and memoranda; 
supply; publications; education and training; 
security; and technical reference material. 


QUIZ 


j3i * "^be aircraft inventory record is 
4 a ' a department of Defense publication 

$ b- prepared by the Aviation Supply Office 

, c * prepared by the Bureau of Naval Weapons 

d. a BuAer Publication bearing a NavAer 
designation applicable to each specific 
aircraft model 
4 
4 
4 

4 2. Which of the below items is NOT a function 

j of source coding? 

, a> Indicating where an item is stored 

• Use of the next higher assembly 
J < P a rt to be locally manufactured 

l< ’ Part is obtainable in supply system 


3. The seven-digit group of a federal stock 

number 

a. indicates the cognizant bureau or office 

b. indicates storage location of item 

c. is serially assigned when material item 
is identified 

d. designates federal classification 

4. The Naval Aeronautic Publications Index 

contains a listing of 

a. almost all current electronics mainte¬ 
nance publications 

b. all BuPers publications 

c. military specifications used by the 
Bureau of Naval Weapons 

d. military information applicable to air¬ 
craft 
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5. Which of the following is a material re¬ 
liability report? 

a. MRR 

b. FUR 

c. RUOM 

d. BuAer reliability digest 


The Handbook of Installation Practices for 
Aircraft Electric and Electronic Wiring 
was written 

a. to promote safety 

b. to indoctrinate all personnel with good 
workmanship 

c. to point out failures resulting from poor 
workmanship 

d. all of the above 


13. A formal survey board must include 

a. at least five persons, one of whom must 
be a commissioned officer 

b. one or more commissioned officers 

c. three members appointed by the custo¬ 
dian plant account records 

d. one enlisted man 


14. Specifications and standards are written 
primarily 

a. for the manufacturer 

b. for the operating activities 

c. to insure that products manufactured for 
the Navy meet certain requirements 

d. to enable O &t R activities to more effi¬ 
ciently overhaul and repair aircraft 


Electron tubes are controlled by the 

a. ASO 

b. ESO 

c. fleet command 

d. local command 


15. For obtaining its aeronautical materials 
an aircraft carrier would be assigned ti 
a -stock point. 


reserve 


The purpose of the material reliability 

program is to 

a. develop a historical record of material 
failures 

b. fix the blame for material failures 

c. perform statistical and technical analy¬ 
sis of equipment failures 

d. insure fleet awareness of material re¬ 
liability 


b. distribution 

c. secondary 

d. primary 


9. The Navy Stock List is a catalog of 

a. aviation stores 

b. general stores 

c. all Navy stores 

d. all federal stores 


16. The Section B allowance list is compile 
and distributed by 

a. ASO 

b. BuSandA 

c. BuWeps 

d. the federal cataloging system 

17. Cognizance control symbol R is assigned 

a. ASO 

b. ESO 

c. BuWeps -nffi 


c. ouv* ept> f-v ff ; 

d. Forms and Publications Supply ui 


The designation of items as fleet-controlled 
material is based on information submitted 
by 

a. BuWeps 

b. Fleet commands 

c. ASO 

d. ESO 


18. When property is to be re-eva ua 
expended from the records 
a. a survey must be made to obtain P 
authority to write the materia 
books 


Ultimate consumer activities (carriers, 
NAS’s, FAETU’s, etc.) submit maintenance 
usage data reports 

a. every ninety days 

b. every two weeks 

c. every six months 

d. each month 


books , 

b. a request is turned in to the 
Office and equipment is turne 
class 265 for screening 

c. information to show condition ° . 

ment must be submitted to e 
nance officer , 

d. A FUR or EFR should be ma 
the equipment 


19. Military standards contain informati 

relates to _ J bv r 


12. Which of the below is a direct function of 
ASO? . ■ , 

a Issuance of aviation material 
b. Publication of Federal Cataloging Sys - 

c Procurement of aviation materials 

d. storage of aviation material 


relates to , Lym 

a. products or services used only y 

tary activities . , • j 

b. information formerly containe 

Army-Navy Specification ^ 

c. engineering practices, cna » 

formulas, and lists -i;- 

d. information obtained from 
specifications 
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20. Supply lists that are used when commis¬ 
sioning or reactivating an activity are 
referred to as 

a. usage data lists 

b. Navy Stock Lists 

c. availability lists 

d. allowance lists 
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CHAPTER 3 

RC AND RL NETWORKS 


Electronic equipment that is used in present 
day naval aircraft is complex and ever changing. 
Aviation electronic equipment is used for com¬ 
munications, navigational aid, search, fire con¬ 
trol, aircraft identification, and numerous other 
functions. The information presented in this and 
the following chapters is for the purpose of aid¬ 
ing you in gaining an understanding of these 
various equipments. 

For the most part, the circuits discussed are 
common to electronic equipments that the tech¬ 
nician will be required frequently to maintain and 
operate. Only in a few cases will circuits peculiar 
to a particular piece of equipment be used. 

Many of the circuits in electronic equipment 
are concerned with timing and control. Circuits 
accomplish this function by producing a variety 
of voltage waveforms, such as square waves, 
sawtooth waves, trapezoidal waves, rectangular 
waves, brief rectangular pulses, and sharp 
peaks. In sound and in radio, tubes operate within 
the limits for which they are designed. In 
timing circuits, they often are violently over¬ 
driven, frequently operating at points which 
range from well in the grid current region to far 
beyond cutoff. Although all these circuits are 
broadly classified as timing circuits, the specific 
function of any individual circuit might be timing, 
waveshaping, or wave generating. This chapter 
discusses the principles of a variety of timing 
circuits, and provides a foundation for under¬ 
standing the operation of specific circuits. 


TRANSIENT AND NONSINUSOIDAL VOLTAGES 


Most of the waveshapes intiming circuits are 

rnduced by combinations of vacuum tubes, 
esistors, capacitors, and inductors For ex- 
mnle the rate of charging and discharge of 
anacitors and inductors make these elements 
us eful in timing circuits because of 
™Hect °n transient and nonsinusoidal volt- 


A transient nonsinusoidal voltage is a brief 
voltage change called a pulse which occurs once 
and does not recur for a comparatively long time. 
Such a voltage change is never sinusoidal but is 
usually periodic; that is, the change repeats 
itself at regular intervals. Examples of typical 
transient voltages are compared to a periodic 
sine wave in figure 3-1. 



2t 

3 




UNSYMMET- 

& 
.WAVE OR 
rectangular 
PULSE 


Figure 3 


-1.-Examples of transient voW® 


Analysis 


or the purpose of circuit pn^nonsinbsoi 
ways of analyzing transi nt t ransi 


44 








Chapter 3 — RC AND RL NETWORKS 


waveshape is merely a rapid change of voltage, 
which may be followed after a certain interval 
by another and similar change. The other is to 
assume that the waveshape is the result of the 
addition of a large number of sine waves having 
different frequencies and amplitudes. The second 
method of analysis is more useful inmost cases. 
In the design of an amplifier, for example, this 
type of analysis is necessary because the ampli¬ 
fier cannot handle a transient without distortion 
unless it is capable of handling all the sine- 
li wave frequencies making up the transient. This 
'so analysis explains why a square wave applied to 
;tfe an amplifier circuit may suffer distortion. If the 
Is: circuit cannot amplify the high frequencies, then 
epe square wave will have rounded instead of 
tjjjs square corners. 

nil Transient voltages have many different and 
complex shapes. The more commonly used tran¬ 
sient waves are the square wave, the sawtooth or 
triangular wave, and the peaked wave. 

'/ The Square Wave 

Figure 3-2 (A) shows a square wave in which 
voltage is plotted against time. This wave is 
-| called SYMMETRICAL because the alternations 
are identical. 

1 ^ t err ns of the first method of analysis stated 

in the preceding paragraph, consider the square 
, wave in the illustration as a voltage which re¬ 
mains unchanged at plus 50 volts until time ti, 
when it suddenly changes to minus 50 volts; it 
remains at this value until time t 2 , then sud- 
enty rises to plus 50 volts and remains at this 
value until time tg, and so on. 

^ In terms of the sine-wave method, analyze 
e square wave by determining what sine waves 
^ re re <iuired to reproduce it. To reproduce a 
w?iJ letr * Ca * square wave, start with a sine wave 
ich is equal in frequency to the square wave 
; f epetltlon frequency, and add to it the odd 
i ar J? onics °f this frequency as shown graphically 
i sh B anc * (D) of figure 3-2. The wave- 
js a P e C is formed by adding the fundamental 
equency A and its third harmonic B which has 
J? ai «Plitude one-third that of the fundamental. 

| “S* 3-2 (B).) Notice that the resultant wave 

a y slightly resembles a square wave as can 
jj JJ een ky the square wave superimposed on the 
agram. The result of adding the 5th harmonic 
wav p funclamental frequency to the resultant 
,[i ‘ r . Q , H C is sh °wn in figure 3-2 (C). Notice in the 
ly shQ«, ant Wave E that the corners are much 
£ r P er and the top somewhat flatter. 




(D) 


A FUNDAMENTAL 
B 3RD HARMONIC 

C FUNDAMENTAL PLUS 3RD HARMONIC 
D 5TH HARMONIC 

E FUNDAMENTAL PLUS 3RD AND 5TH HARMONICS 
F 7TH HARMONIC 

6 FUNDAMENTAL PLUS 3RD.5TH AND 7TH 
HARMONICS 


Figure 3-2.—Composition of symmetrical 
square wave. 


The 7th harmonic atl/7amplitudeisaddedto 
form the resultant curve G (fig. 3-2 (D)). This 
curve is fairly smooth across the top and fairly 
sharp at the corners. Adding the 9th harmonic 
at 1/9 amplitude, the 11th harmonic at 1/11 
amplitude, etc., would further sharpen the 
corners and flatten the top of the wave. 

The assumption that a square wave contains 
a number of frequencies, although it is actually 
just a change of voltage, is useful in studying 
the square wave in circuits. For example, ac¬ 
cording to the frequency method of analysis, the 
higher harmonics are responsible for the sharp¬ 
ness in the corners of the square wave. There¬ 
fore, if a circuit rounds off the corners of a 
square wave it can be said that the circuit has 
discriminated against (refused to pass) the 
higher frequencies. Furthermore, since this 
method of analysis reduces a square wave to 
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terms of sine waves of different frequencies, it 
is possible for engineers to design circuits by 
using conventional sine-wave engineering prac¬ 
tices. 

Most square waves employed in electronics 
consist of short pulses separated by long time 
intervals. (See fig. 3-3 (A).) Such pulses are 
constructed in the same way as square waves, 
but in addition to the sine waves of the funda¬ 
mental pulse frequency and many harmonic fre¬ 
quencies of fractional amplitudes, a small d-c 
voltage is required. The duration of the pulse is 
one-third of the repetition time which, in this 
case, is 1,000 times per second (fig. 3-3 (A)). 
To reconstruct this pulse, add a d-c voltage 
equal to one-third the desired pulse amplitude 
to a 1,000 c.p.s. sine wave having an amplitude 
two-thirds of the pulse amplitude. Then add a 
2,000 c.p.s. sine wave having an amplitude one- 
third of the pulse amplitude, and so forth. The 
solid curve (fig. 3-3 (B)) represents the sum of 
all these voltages. Notice that there is a rough 
resemblance between the outline of the solid 
curve and the desired square wave. Add all the 
harmonics up to about the 15thharmonic (15,000 
c.p.s.) in the proper phase and amplitude; the 
resultant waveshape will be quite square. 



Figure 3 - 3 .—Composition of square wave 
with short duration pulses. 


number varies inversely with the pulse width 
This means the wider the pulse, the L ®, 
the number of harmonics, and taveraeWtta 
narrower the pulse, the greater the number™ 
harmonics. For example, in figure 3-3the width 
of the pulse is such that the first 15 harmonics 
can be included. 


An important fact to consider is the number 
of harmonics to include in forming the wave- 
shaped The rule to follow is that the maximum 


t 


VOLT 


MICROSECOND 


•1000 MICROSECONDS- 


n 


.002 


I00OTH HARMONIC 

2000TH HARMONIC 



FREQUENCY IN MC-► 

2 MICROSECONDS i—[ 




■1000 MICR0SEC0NDS- 


(B) 



Figure 3-4.—Harmonic content of short 
square pulses. 


In figure 3-4 a much narrower pulse isishov 
a one-microsecond square wave ha ng 
peating frequency of 1,000 c.p.s. This P ^ 
quires a great many more harmonics, 
seen In (A) of figure 3-4. Here the aw® 
of each harmonic is plotted on t* 1 ® The t< 
its frequency is plotted on the X a^as. 
of all the vertical lines areconnecteaoy 
which forms a sine wave. It is impossi mQn 
all the frequencies, since 1,000 
actually occur between zero and l m & 
When the pulse amplitude, as 
3-4, is one volt, the damped sinei wavep 
by connecting the amplitudes of the 
less than 0.002 volt. The relative impose 
the various frequencies depends ^ 

under the sine-wave curve, varying ® 
of the area. Notice that the largestarea ^ 
between zero and 1 me. The signific 
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is that any circuit which does not discriminate 
against any frequency from 1,000 c.p.s. to 1 me. 
will pass this pulse with little distortion. 

Figure 3-4 (B) shows that doubling the pulse 
width to two microseconds causes the amplitude 
of the harmonic frequencies to drop to zero at a 
half megacycle. Thus, any circuit designed for 
operating with a two-microsecond width will not 
discriminate against any frequency from 1,000 
c.p.s. to 500,000 c.p.s. 

All this leads to the conclusion that there is a 
certain relationship between the highest fre¬ 
quency that a circuit can handle and the width of 
the pulse. For example, in the case of the one- 
microsecond pulse, the highest frequency was 
1 me., and in the case of the two-microsecond 
pulse, 1/2 me. The rule is that frequency varies 
inversely with pulse width. Mathematically this 
is expressed as, 



where F^ is the highest frequency for the 
circuit, and PW the pulse width in microseconds 
when the pulse width is much smaller than the 
pulse repetition period. 

Note that the pulse repetition frequency is not 
i considered in the equation, since it is quite 
evident also by transient analysis that the pulse 
recurrence frequency has nothing to do with the 
harmonic frequencies in the pulse. For example, 
if the repetition frequency changed to 500 c.p.s. 
(fig. 3-4 (B)), there would be twice as many 
harmonic frequencies in the first loop, but the 
loop would still pass through zero at 0.5 me. 

* The lowest frequency that this circuit must 
be able to handle is the fundamental or the pulse 

1 re Petition frequency. However, several of the 
jj low-frequency harmonics can be removed from 

* fhe curves without noticeably reducing the areas. 
J (See fig. 3_4 (a) and (B).) Thus, a circuit may 
? 



be designed for a one-microsecond pulse and 
handle a frequency band as narrow as 10 kc. to 
1 me. 


Triangular and Sawtooth Waves 

Triangular and sawtooth waves, like square 
waves, can be constructed with a series of sine 
waves. Circuits designed to handle the short 
sawtooth wave shown in (C) of figure 3-5 must 
have about twice the bandwidth as a circuit re¬ 
quired for a square pulse of the same dimen¬ 
sions. 




Figure 3-5.—Triangular and sawtooth waves. 
COMPOSITION 

A sawtooth wave contains both odd and even 
harmonics. The wave shown in (D) of figure 3-6 
contains all the harmonics up to the 7th. Notice 
how closely this wave resembles the sawtooth 
wave superimposed on it. 



HARMONIC 


Figure 3 - 6 .—Composition of sawtooth wave. 
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From the viewpoint of a transient voltage, 
consider the sawtooth voltage wave to be a slow 
linear voltage change from an initial value to a 
certain higher value, followed immediately by a 
sudden drop to the initial value. The wave may 
repeat immediately, or after an interval of time 
has elapsed. 



TRANSIENT VOLTAGES IN RC CIRCUITS 


Peaked Waves 


RC Time Constant 


A peaked wave is another wave which can 
be constructed with a number of sine waves. 
Figure 3-7 shows how the addition of succes¬ 
sive odd harmonics to a fundamental sine wave 
produces a peaked wave. First, the 3rd harmonic, 
a wave having a lower amplitude, is added to the 
fundamental. Next, the 5th harmonic is added to 
wave C. This produces wave E in which the peak 
is further heightened and the sides further 
sloped. This process, if carried further, will 
produce a wave with higher and higher peaks 
and steeper and steeper sides. 



A FUNDAMENTAL 
B 3RD HARMONIC 
C FUNDAMENTAL PLUS 
3RD HARMONIC 
0 9TH HARMONIC 
E FUNDAMENTAL PLUS 
3RD AND 9TH HARMONICS 
F 7TH HARMONIC 
0 FUNDAMENTAL PLU9 3RD 
5TH AND 7TH HARMONICS 


Figure 3-7.—Composition of a peaked 
wave. 


The composition of a peaked wave differs 
rom that of a square wave in that there is a 
iJterpnt Phase relationship between the har- 
ffZT to the square wave composition all the 
monies. cross the zero line in phase with 

j? a Omental In the peaked wave composition 
the nth, and so forth, harmonics 


The characteristics of the waveforms re¬ 
quired by special circuits, such as slope, dura¬ 
tion, or repetition frequency, are determined 
largely by controlling the variation of a voltage 
with respect to time. Since the charging or 
discharging of a capacitor through a resistor re¬ 
quires time, resistance-capacitance circuits are 
commonly used for this purpose. 

To learn how a resistor-capacitor circuit af¬ 
fects a waveshape applied to it, it is well to 
investigate first the voltage and current changes 
which occur when a d-c voltage is applied to the 
circuit. Most RC circuits and the voltages ap¬ 
plied to them are reducible to a simple equiva¬ 
lent circuit containing a battery, capacitor, 


resistor. 

Figure 3-8 (A) shows such a simple sen 
circuit. According to capacitor theory, 
capacitor C will offer zero resistance o 
direct-current flow in the circuit at the> m 
the switch is closed. Therefore, at e 
instant after the switch is closed, cu ^*\. q 
the circuit is maximum. Later the cap rffeS to 
will offer infinite resistance, since it 
a voltage equal and opposite to the ba the 

age Ebb after a Period of time. is 

capacitor is charged, the batt ®*? t JJetocause 
canceled completely, leaving no 
a current to flow through the resis • ig a 
before the current does reach zero, time 
lapse of time. This lapse P™ v ‘ d ® many dii- 
element required in the formation 

ferent waveshapes. affects the 

To understand how a capacitor what 

time delay in a circuit, first co it ifl 

happens in the capacitor itseif, a n ^ 

affected by the rest of the circui . itor is 
before you close switch Sw, ^ igan equal 

completely discharged-that is, the < T b« 

number of electrons on each of its p larity 

voltage charge on a capacitor, ana i p on ^ 

are determined by the ratio of el eSS 0 

capacitor’s plates. The electron 

oioptrons will be negative. Additio 
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SWITCH OPENED 



a; 

lit (A) CIRCUIT 



Figure 3-8.—Current and voltage during capacitor charge. 
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Means a higher voltage change on the capacitor. 
When you close the switch, the battery voltage 
®bb imr nediately forces electrons into the 
capacitor plate connected to the negative term¬ 
inal of the battery, placing a negative charge on 
it. This creates a stress on the dielectric which, 
in turn, forces electrons away from the other 
plate and makes its charge positive. 

It might seem that if it were not for the 
limiting effect of the series resistor, the number 
of electrons that would accumulate on the 
capacitor plate would be infinitely high because, 
upon closing of the switch, the current in the 
circuit would immediately jump from zero to a 
v ^ determined only by the resistor. (That is, 

1 “ ~r since the uncharged capacitor offers no 
opposition to current flow.) 


f Tlle fact is, however, that the capacitor it- 
elf offers opposition to the current. Just as soon 
n? f * 6W electrons accumulate on a capacitor 
P e, there is a like number forced away from 

l volt 0ther plate * The net result is a small 
’• with^ 6 di * ference across the capacitor, the plate 
* v ,, more electrons being the negative point of 
and the plate with less electrons being 
' the P .° Sit ! ve P° int of voltage. The polarities of 
l 3-fi C i 6 ? 4111611 become as shown in (A) of figure 
, to" a ,. lce here that the capacitor is charged 
j vo u volta ge opposite in polarity to the battery 
8witnh e ‘*u ^llUS, in a short time after closing the 
rent a 016 movement of electrons—that is, cur- 
low—does not remain at its initial value, 


but drops to a lower value because the instan¬ 
taneous voltage across the capacitor subtracts 
from the battery voltage. Since the voltage ap¬ 
plied to the capacitor is thus progressively 
reduced, the capacitor charges at a progres¬ 
sively slower rate. 


Values of Capacitor and Resistor Voltages 

There are three methods of determining the 
instantaneous values of voltage across capacitors 
and resistors in RC circuits. The first is a rough 
estimate from the exponential curve with the 
values at four main points known. The second is 
a close approximation from a very accurate 
exponential curve on a universal time constant 
chart. The third involves solving the equation 
for the curve with quantities for the RC problem 
inserted in the equation. 

ROUGH APPROXIMATION CURVES 

The voltage or current at any instant during 
the charging time of a capacitor can be ap¬ 
proximated from the two curves shown in figure 
3-9. These curves employ only rough values, 
but they are useful for approximating current 
at any instant during the charge of a capacitor. 
To find current, substitute the total current 
flow in the circuit for E bb on the curves. Ten 
time constants is assumed to be the time 
necessary for the capacitor to charge to 100 
percent. 
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Figure 3-9.-Exponential curves for rough approximations. 


UNIVERSAL TIME CONSTANT CURVES 

A universal time constant chart (fig. 3-10) 
provides a much more precise method for de¬ 
termining the voltage and the current at any 
instant during the charge of a capacitor than 
the method just described. The chart shows a 
number of time constants plotted against the 
fraction of maximum current or voltage. 

In learning to use this chart study the fol¬ 
lowing examples: 

PROBLEM 1.—In the circuit in figure 3-11 
assume that C equals 0.001 /if. and that R 
equals 100K. Find the capacitor voltage 200 
microseconds after the switch is closed. 
Solution: 

a. Find the time constant, 
t.c. = RC 

t.c. = 100,000 x 0.001 
t.c. = 100 microseconds 


b. Since 200 microseconds is equivalent t< 
time constants, enter the universal ti 
constant chart at 2 along the bottom andp: 
ceed up to curve A. (This curve represe 
the capacitor charge voltage.) At curve 
proceed horizontally to the vertical sc 
and read 0.86, This represents the fraci 
of maximum voltage. 

c. Thus, the capacitor voltage is about 86 p 
cent of maximum. With 200 volts as the 
plied voltage, the capacitor voltage eqi 

200 x 0.86 or 172 volts. 

PROBLEM 2.—In the same circuit find 
resistor voltage 200 microseconds after 
switch is closed. 

Solution, using Kirchhoff’s law: 

From the previous example, the capa< 
voltage equals 172 volts. 
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CURVE A 



CAPACITOR DISCHARGE VOLTAGE 
CAPACITOR CHARGE CURRENT 
INDUCTOR CHARGE VOLTAGE 


Figure 3-10.—Universal time constant chart. 


Since the circuit is a series circuit, the 
resistor voltage is the difference between 

Jhe applied voltage and the capacitor voltage. 
Thus, 

200 - 172 = 28 volts. 

Solution, using the universal time chart: 

Mowing that the resistor voltage starts high 
then drops off, you use curve B. Since 
ere are two time constants involved, go up 
om 2 to curve B and then across the vertical 
caie. At the intersection you find 0.14. Since 
e appii ed voitagg is £00 volts, the resistor 

voltage must be 


Solution: 

Using universal chart; find current. 

By Ohm's law the maximum current is 


200 

100K 


or 2 ma. 


At two time constants, the current is 0.14 of 
maximum, according to curve B and the scale 
at the left. Therefore, 


0.14 x 2 ma. : 0.28 ma. 


By Ohm's law 


200 x 0.14 or 28 volts. 


E = IR 
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The Instantaneous voltage is 

0.28 ma. x 100K = 28 volts. 


PROBLEM 3.-In the same circuit find how 
long it takes for the resistor voltage to drop 
to 120 volts. 

Solution: 


120 volts =- 2 oo or 0,6 of 200 VOltS * 


Find 0.6 on the vertical scale, then go to curve 
B thence down to 0.5 time constants. I£ one time 
constant equals 100 microseconds, the time re¬ 
quired for the resistor voltage to drop to 120 
volts must equal 


0.5 x 100 or 50 microseconds. 


NOTE: Any value of voltage and any size of 
resistor or capacitor can be used with the 
universal time constant chart. After 10 time 
constants the capacitor is considered to be 
fully charged, and the resistor voltage and the 
circuit current are considered to be zero as 
shown in figure 3-11. 


Capacitor Discharge Through Resistance 


The discharge of a capacitor through a re¬ 
sistor follows the same exponential curve as the 
charge through a resistor. (See fig. 3-12.) 
When the capacitor is charged to a voltage of 
E there is an excess of electrons on one 
plate of the capacitor. This unbalanced condition 
causes a potential difference which exists as 
long as the switch is open (assuming the ca¬ 
pacitor is perfect). The portions of the curves 
indicating an open switch condition show that 
the capacitor voltage is E c , the current in the 
circuit is zero, and the resistor voltage is also 


• When the switch is closed, the electrons on 
the negative plate immediately surge through the 
circuit toward the other capacitor plate, building 
up a current which is limited to a value de¬ 
termined by Ohm’s law; that is, a value equals 


to This is what happens. The initial cur- 
R 


rent causes a voltage drop across the resistor 
equal to the capacitor voltage. But as soon as 
current flows, the number of excess electrons 


SW r- 


c —jooi pif: 


^ E C 200V 


R*I00K, 


CIRCUIT 


FULL CHARGE 
AFTER 10 TIME 
CONSTANTS 


-200-1 

MICROSECONDS 


FINDING CAPACITOR 
VOLTAGE AFTER 
200 MICROSECONDS 


I 2 

TIME CONSTANTS 

FINDING TIME FOR 
RESISTOR VOLTAGE 
TO BECOME 120 VOLTS 

V/ FINDING R 


-a-r— 


FINDING RESISTOR 
VOLTAGE AFTER 
ZOO MICROSECONDS 

/ ZERO AFTER 

/ lO TIME 

./ CONSTANTS 


5 | 2 

TIME CONSTANTS 


Figure 3-11. — Using universal time 
constant chart. 


causing the current flow decreases. This ca 
a voltage decrease. The decrease is not line 
however. The high initial current decreases 
voltage rapidly, but subsequent lower voltag 
cause lower currents, which remove the cn 
at a lower rate. The discharge becomes sio 
and slower until at the end of 5 time constat 
the current is less than 1 percent of the im 
value. The voltage causing this low cur re 
also extremely low because the capacitor 
99.4 percent discharged. Theoretically, 
time required to discharge the capacitor is 
finitely long, but for practical purposes, 
time constants may be considered as the 
required for complete discharge. 


Digitized by t^ooQle 



Chapter 3 — RC AND RL NETWORKS 



SWITCH 

CLOSED 



As just mentioned, you can use either method 
given earlier to solve for the voltage and cur¬ 
rent values; that is, the curves which roughly 
approximate voltages and currents, or the 
universal curves. 

Examples: 

PROBLEM 1.—Assume that in the circuit of 
figure 3-13 the capacitor is charged to 200 volts 
when the switch is closed. Find the capacitor 
voltage 300 microseconds after the switch is 
closed. 

Solution: 

First, find time constant by the equation 
t. c. = RC. 

Substituting the values indicated in the cir¬ 
cuit, 

t. c. = 100K x 0.001/xf. 

t.c. = 10 5 x 10" 9 = 10 4 seconds 

Therefore, 

t. c. = 100 microseconds. 


Figure 3-12.—Current and voltage during 
capacitor discharge. 


SOLVING CAPACITOR DISCHARGE 
PROBLEMS 

To determine instantaneous values of cur- 
ren and voltage in RC circuits during capacitor 
scharge, use the same methods that you used 
Previously in the charging circuit problems. 

10 i« tv, t 0f si £nificance in discharging circuits 

$ . the voltages across the resistor and the 

fl then follow same curve inasmuch as 
^ b °? start at high values and decrease 

iii ftg^tiaUy to zero. Therefore, curve B of 
tf ju universal time constant chart represents 
1 $ the mstantane ous values of voltage across both 
f discha PaCit ° r and tlie res ist°r during capacitor 
i assiJf* The only requirement is that e R be 
t men T ea a P°!arity opposite that of e c . Re- 

I | s , er that the voltage across the resistor 

11 th e p ° nly e( l ua l but opposite to that across 
This a ? acitor wben the capacitor is discharging. 

i law ? 4 a ?** should be according to Kirchhoff's 
ar ’ iCh states that the sum of the voltages 
around a series circuit is zero. 



Figure 3-13.—Capacitor discharge 
problem. 

Since the time constant is 100 microseconds 
and since the problem requires 300 micro¬ 
seconds, the capacitor discharged for 3 time 
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s * RC; that is, a small capacitor and resistor com- 
t bination. A small capacitor has the property of 
** quick charging, and a small resistor connected 
& to it permits a high charging current to flow, 
1st further facilitating rapid charging. Due to the 
* small RC, this curve reaches its maximum limit 
^ quickly or in approximately 100 microseconds. 

Larger RC values produce longer time con¬ 
stants., A larger capacitor requires more elec¬ 
trons to charge it completely, while a larger 
resistor limits the current more and thereby 
increases the time required for charging. Thus, 
4* the curve labeled long RC has a longer time 
ii constant. Notice that a much longer time is 
nil required to fully charge this capacitor. 
fc 1 Notice that the ep and i curves both follow 
x? the capacitor charge curve exactly. The first 
rg half of each of these curves represents the 
capacitor charge, and the last half the capacitor 
\i discharge. The difference between the two halves 
ii! is due to the position of the switch. 
t‘ 

58 L0NG AND SHORT RC TIME CONSTANTS 

lit 


is In contrast with the time constants shown in 
previous illustrations, the time constant used 
in figure 3-15 is called a MEDIUM TIME CON- 
ANT. Actually any distinction between long, 
s ort, or medium time constants is arbitrary, 
out in general the practice is to consider that a 
circuit h as a long time constant when the RC 
product is equal to or greater than ten times 
_i e j°^ est portion of the applied voltage, a 
“ or J J lme constant when the RC product is 
rr t0 or less than one-tenth the shortest 
P ion of the applied voltage, and a medium 
“f extant when the RC product lies be- 
en ? ese two Umita - Howev er, after ten RC 
ch arge is over 99.9 percent. For 
BiHo Proses the capacitor may be con- 
timp re mu° be charged at the end of this 
jj / ^h en a capacitor is discharging, the 
that ? rg6 ,* rate is the same as the charge rate; 
u,.. .discharges 63.2 percent of its re- 
ten^pl?^ harge 111 each R C time constant. After 
tn L 1 , es the capacitor can be considered 
10 ce completely discharged. 

sarv * aSsum Ption that 10 RC times areneces- 
chaiwp° r * a u Capacltor to make a 100 percent 
fieuil < cllarge ^dii now be explained. That 
arithmpH USGd 0NLY because of simplicity in 
differpnt « Varlous schools and textbooks use 
PubHr*« figUres > for example, some Air Force 

PUbHpo« 0nS Use ® Rc times and some Army 
“cations use 7 R C times. Actually, the 



- EQUIVALENT CIRCUIT EQUIVAIWT CIRCUIT 

OORWG TIME t, DURING TIME t 2 



Figure 3-15.—Effect of medium time 
constant on square-wave input. 


exact figure is of little importance in applica¬ 
tion, but some figure must arbitrarily be chosen 
in order to teach the theory of RC time so that 
the student may understand this all-important 
phase of electronics. 

Also, schools and textbooks may differ on 
the definitions of LONG and SHORT time con¬ 
stants. These are also arbitrary figures of little 
actual importance in electronics design. In this 
training course (and in the AT u B n school), a 
LONG time constant is considered to be TEN 
TIMES THE LONGEST PORTION OF THE AP¬ 
PLIED WAVE; a SHORT time constant is con¬ 
sidered to be ONE-TENTH THE SHORTEST 
PORTION OF THE APPLIED WAVE; and a 
medium RC time constant is considered to be 
any time constant that falls between these two 
figures. 
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By this time in your Navy career you are 
aware that very few things in electronics are 
perfect-a resistor is not a pure resistance, 
an inductor is not a pure inductance, capacitors 
are far from perfect, and most formulas used 
by technicians are only approximately correct. 
Electronics is taught as a nearly pure science 
only because it would be very confusing to 
delve into the variations, inconsistencies, and 
exceptions of each subject. Only at the engi¬ 
neer's level is such exacting knowledge of great 
importance. Therefore, considering the subject 
under discussion, RC time, the figures used as 
working points are arbitrary and chosen only 
for simplicity of instruction. 



Figure 3-16.—Waveshapes for short time 
constant RC circuit. 


MEDIUM TIME CONSTANT 

Since most RC circuits in electronics are 
associated with high-speed timing devices, the 
voltages generally applied to an RC circuit 
are rapidly repeating square-wave voltages 
rather than d-c voltages. Figure 3-15 shows 


the capacitor and resistor voltages resui 
from applying a square wave whose alternat 
are 2.5 time constants in duration. For 
purpose of analyzing the circuit, the square-^ 
generator is redrawn into two equivalent 
cuits. They make it easier to understand 
action of the generator, providing that yov 
gard the square wave first as a constantvo. 
lasting for a definite time, and then as a 
voltage lasting for an equal time. Sinci 
constant voltage appears as a battery durir 
first half of the square wave, the equiv 
circuit for this time period (tf) shows abat 
During the second half of the square wa\ 
the zero voltage period, the capacitor disci 
current flows through the generator, 
therefore not necessary to include the b£ 
in the (time t 2 ) equivalent circuit. The ba 
however, mujrt be replaced by whateve 
sistance the discharge current encounte 
the generator, which in this case is cons 
to be zero resistance. 

SHORT TIME CONSTANT 

If a balanced square wave is applie 
circuit having a short time constant, the 
will be as depicted in figure 3-16. (Rem 
that the length of the portions of the £ 
wave is the ONLY thing that determines^ 
an RC circuit's time constant is short o 
An RC combination will have a shor 
constant to all pulses of a certain durat. 
longer, and a long time constant to all 
of a certain duration and shorter.) The 
of figure 3-16 has a time constant of 
second, or 400 ^seconds. The applied w 
50 c.p.s. balanced square wave. The dur; 
1/2 of the square wave is 1 /100 of a 
or 10,000 m seconds. The applied w 
therefore, considerably longer in durati 
ten times the circuit's time constant c 
seconds; or, the circuit's time cons 
considerably less than 1/10 of the short 
tion of the applied wave. In a balanced 
wave both portions are the same lengti 
RC circuit exhibits the same time cor 
both halves. Each portion of the squa 
in the figure is 25 times as long as 
constant of the circuit. The circuit, th 
has a short time constant to the 50 c.p 
applied. If you assume as before 
square wave is a d-c voltage applied fo 
and then shorted out, you can apply tl 
you used previously. These rules statec 
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barging rate for a capacitor with a short time 
ionstant is very high at first and then decreases 
to zero as the capacitor reaches full charge. 
Similarly, its discharge RATE is very high to 
start with and then gradually decreases to zero. 
The early rise of the capacitor voltage to the 
Hill applied voltage and its quick drop to zero 
cause the capacitor waveshape to resemble the 
square wave input. On the resistor the short 
duration of the high charging and discharging 
currents have a quite different effect. The 
rapid rise and drop of the circuit current causes 
the resistor waveshape voltage to be peaked at 
each square wave variation (change from maxi¬ 
mum voltage to zero or from zero to maximum). 
These sharp peaks are excellent for initiating 
action in another circuit, as, for example, in 
a radar transmitter which is designed to trans¬ 
mit a pulse whenever it is triggered by a 
positive voltage. The sharp positive pulses shown 
in the illustration may be used for this purpose 
since they occur at precisely the changeover 
time in the square wave. 

LONG TIME CONSTANT 

Figure 3-17 shows the waveshapes produced 
by an RC with a long time constant; the time 
! constant is ten times as long as the longest por¬ 
tion of the wave. 

On referring to the universal curve, you will 
see that the capacitor in the circuit will charge 
| almost linearly for about one-tenth of a time 
I constant. This causes the capacitor curve in 
; case illustrated to be linear during the en- 
; tire half cycle. The dotted curve shows how the 
I capacitor would have continued to charge if the 
applied voltage had not been removed. Note how 
®e voltages in the circuit illustrated comply 
™ Hrehhoffs law which states that the sum 
« the voltage-drops around the circuit must 
W to the applied voltage. During the first 
jr“ cycle, the applied voltage is 100 volts. Al- 
°u&h the resistor and capacitor voltages are 
constantly changing their sum at any one instant 
also 100 volts. Thus, at the end of the first 
cycle, for example, the capacitor voltage 
10 volts, and the resistor voltage is 90 volts, 
®™g a total of 100 volts and fulfilling Kirch- 
L?r, 8 kw. During the other half cycle, the ap- 
W ed voltage from the generator is zero. In this 
IF** 6 tiie only voltage in the circuit is the 
P c J ( tor voltage, which starts out at 10 volts 
Bpb.J~ schar S es 10 percent. As a result, the 
I istor voltage becomes minus 10 volts making 


all voltages around the circuit equal to zero and 
again fulfilling Kirchhoff's law. 

In the curves of figure 3-17, notice that the 
capacitor is permitted to charge to only lOper- 
cent of the applied voltage each time the 
generator pulses. It also discharges only 10 
percent of its charge each time the generator 
voltage becomes zero. Ten percent of 100 volts 
is 10 volts, so on the first half-cycle the 
capacitor charges to 10 volts. During the next 
half cycle the capacitor discharges 10 percent 
of 10 volts, or 1 volt. When the second pulse 
is applied the capacitor still has 9 volts of 
charge, so the effective voltage applied is only 
91 volts. Ten percent of 91 volts is 9.1 volts, 
so that is the amount of voltage charge added 
to the capacitor during the second pulse from 
the generator. With each cycle, the capacitor 
adds 10 percent of the effective voltage, and 
discharges 10 percent of its charge. It follows 
that the capacitor will gradually build up a 
d-c component around which the applied wave¬ 
shape will vary. The figure shows that the d-c 
component will eventually settle at 50 volts, and 
the capacitor voltage will vary above and below 
this d-c voltage. 

The resistor voltage must at all instances 
be the difference between the capacitor voltage 
and the generator voltage. Since a capacitor 
cannot change its charge instantaneously, the 
resistor voltage must at the first instant be 
equal to the generator voltage. Then as the 
capacitor begins to charge, the resistor voltage 
decreases at the same rate. At the end of the 
first pulse, the capacitor has 10 volts of charge 
and begins its 1 volt discharge through the re¬ 
sistor. Since resistor current has reversed, its 
voltage polarity must also reverse. The positive 
10 volts on the capacitor is the total voltage in 
the circuit, so the resistor voltage must go to 
negative 10 volts to satisfy Kirchhoff's Law. 
Thereafter, the capacitor and resistor voltages 
are equal and opposite until the second pulse is 
applied. 

Since the capacitor gradually assumes a d-c 
component of charge around which the applied 
voltage varies, it follows that the resistor volt¬ 
age must also assume a new point around which 
to vary. The figure shows that the resistor volt¬ 
age which at first varied around 50 volts, moves 
dowi to vary around zero volts. This is the cor¬ 
rect operating level for the resistor in a circuit 
with a long time constant. As the capacitor volt¬ 
age (dotted lines, final curve) varies fromposi- 
tive 55 volts to positive 45 volts, the resistor 
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Figure 3-17.—Waveshapes for long time constant RC circuit. 


voltage varies above and below zero by the 
proper amount to equal a total of 100 volts with 
the capacitor voltage. Note that each time the 
pulse is applied or removed, the resistor takes 
the entire 100 volts change at the first instant. 


Differentiation and Integration 

An RC voltage divider that is designed to 
distort the input voltage waveshape is known as 


a differentiator or integrator, dependi 
locations of the output taps. The outpi 
differentiator is taken across the r< 
while the output from an integrator 
across the capacitor. Such circuits wi 
the shape of any complex alternatin 
waveshape that is impressed on them 
distortion is a function of the value ol 
constant of the circuit as compared to 1 
of the waveshape. Neither a different 
an integrator can change the shape < 
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Figure 3-18.—RC differentiator and integrator action on a sine voltage. 


ne wave. Both integrator and differentiator 
3 5 Ut ®. are shown in figures 3-18, 3-19, and 
m usually only one output from each cir¬ 
cuit is used in practical circuits. 

SINE-WAVE INPUT 


iputf** 

mr. 

jtiator' 

oi>P 


a nao! 1 » 000 -cycle sine-wave voltage that has 
vnita„ of 1°° volts is applied to an RC 

di yider with an intermediate or short 
in nho nStant> ^ sine wave will be shifted 
tyhj.u _ e * J^ ure 3-18 illustrates the case in 
R ;lutermediate R-C circuit is employed, 
so thaf *? 00 ohms and C is 0.1 microfarad, 
or 1 non e ; lme constant of the circuit is R x C 
’ bucroseconds. The duration of 1 cycle 

Of the 1,000 cycle voltage is -J— seconds, or 

1 non rv.1 1,000 * 

circuiM o Cr0SeC0n(,s - The time constant of the 
output dium to the a PP lied signal and the 
in amplitude^ distorted in Phase and reduced 

circuit divider equations apply to this 

is found *a'k b Peak v °ltage across the resistor 
be 50 volts, and across the capacitor 


85 volts. Since these are vector quantities, they 
■ must be added vectorially to obtain the 100-volt 
input that Kir chhoff’slaws require (fig. 3-18(C)). 
This means that phase differences between the 
input, the differentiator output, and the inte¬ 
grator output will exist. Both outputs are sine 
waves as illustrated in (B). In the case shown, 
the differentiator output eR is a sine wave 
which leads the input voltage by about 58 de¬ 
grees, while the integrator output e c is a sine 
wave which lags the input voltage by about 32 
degrees. It may be shown, however, that the 
sum of the two outputs at every instant equals 
the instantaneous input voltage. 

SQUARE-WAVE INPUT 

If the same circuit (fig. 3-18) has impressed 
on it a 1,000-cycle square- wave voltage instead 
of a sine wave, the outputs shown in figure 3-19 
(B) are obtained. 

The square-wave voltage of 200 volts peak- 
to-peak is placed across the input of the circuit 
and the capacitor alternately charges positively 
and negatively by an amount determined by the 
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RC time constant. Since in this case the time 
constant of the circuit is medium to the square 
wave, the capacitor never fully charges during 
either half cycle and as a result the integrator 
output has a smaller amplitude than the input. 
Figure 3-19 (B) illustrates the outputs of the 
voltage divider. The two outputs must add at all 
times to the input voltage; consequently the 
differentiator output must be as shown. This 
output has a maximum amplitude that is greater 
than the input amplitude since the voltage left 
on the capacitor from the previous half cycle 
will add with the input voltage. The sum of these 
two voltages will appear as a voltage drop across 
the resistor at the instant the polarity of the 
input voltage changes. 



Figure 3-19.—RC differentiator and inte¬ 
grator action on a square wave. 


Figure 3-20 shows the effect of differe: 
values of time constant on the output of tl 
voltage divider. Figure 3-20 (A) has a tin 
constant equal to one-tenth the time of t] 
input wave. The capacitor has time to be cor 
fully charged during a half cycle for all pra 
tical purposes. Such a circuit when used as 
differentiator is often known as a PE AKER. T 
figure also makes apparent the fact that 
peaks produced have an amplitude exactly twi 
the input amplitude due to capacitor and in] 
voltage addition. 

Figure 3-20 (B) shows the effect ofau 
constant that is 10 times as long as the pul 
The differentiator output is almost the same 
the input, and the integrator output has a vi 
low amplitude, but for all practical purposes 
linear. It is noticeable that the integrator out 
is a back-to-back sawtooth of very low 
tude. After amplification this sawtooth < 
valuable part of some waveshapes used in el 
tronics. 

SAWTOOTH-WAVE INPUT 

If a back-to-back sawtooth voltage isapp 
to an RC circuit with a time constant one-t 
of the rise (or fall) time of the input voltage, 
result is as shown in figure 3-21. Note t 
sawtooth, unlike a square-wave voltage, doei 
make instantaneous changes. The voltage c 
of a sawtooth takes place over a length of 
and the capacitor voltage e c will follow < 
put voltage very closely if-the time com 
of the circuit is short. The shorter the 
constant, the closer it will follow. The r 
is that the integrator output very closely 
sembles the input. The amplitude will be sli 
reduced and there will be a slight phase 
Since the voltage across the capacitor 
creasing at a constant rate, the charging 
discharging current will be constant. A com 
or steady, current flow means the output vc 
of the differentiator will be constant during 
half of the sawtooth input. The resulting s 
wave is shown in figure 3-21(B). It can be 
that the integrator output adds to the differ* 
tor output at every instant to equal th 
stantaneous input voltage. 


MISCELLANEOUS INPUTS 

Various voltage waveforms other than 
represented above may be applied to sh< 
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and integrators. 


% the^sistor* P ^fS° Se 01 P roducln S> acrosj 
' ; proportion?/ f 2* tput volta & e with an amplitude 
t L? T h ? . ? e RATE 0F cha NGE of the 
Dji with respect to t the time constant is made 
^ more ne^i v th? 6 P ^ iod of the in P ut wave > the 
0 conforms tc^th* 3 vol tage aer^s the capacitor 
output Wn the ^P 11 *' the differentiator 

short RC ciStt particular importance in very 

e? 

wavf erentiator outputs for various types of 

* sllJlf 2" " h0Wn in fi ^ e 3-22. In (A) 
voltage t Q ^ *i e trailing edge of the sawtooth 
therefore S? ater , than that of the leading edge; 
is greater a, . am PHtude of the output voltage ej? 
same reb?-^ 11 ? this portion the cycle. This 
» voltage l ; 1 n °l!¥ p ! )f amplitude of the output 
/ rise or JL , steepness °f the input voltage 
0r decay is illustrated in both (B) and (C). 


TRANSIENT VOLTAGES IN L/R CIRCUITS 


The operation of L/R circuits is similar to 
that of the RC circuits just discussed since the 
inductor current in an inductor-resistor circuit 
rises exactly like capacitor voltage in an RC 
circuit. With slight modifications, all the wave¬ 
shapes obtainable in an RC circuit are also 
obtainable in an L/R circuit. 


L/R Charging Circuits 

Figure 3-23 shows typical current and voltage 
curves produced in L/R circuits. In the L/R 
circuit shown, inductance L is assumed to be 
perfect; that is, it offers no resistance to d.c. 
When the switch is open, there is no voltage 
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Figure 3 21. RC differentiator and integrator action on a 
sawtooth wave. 


across the circuit, and because of this the 
current and voltage are zero. When you close 
the switch, the battery voltage E bb is applied 
across the resistor R and inductance L. Cur¬ 
rent attempts to flow, but the inductor opposes 
this current by building up a back e.m.f., that, 
at the initial instant, exactly equals the input 
voltage E bb< Since current cannot flow under 
this condition, there is no voltage across the 
resistor R. The two lower curves thus show 


that at the instant the switch is closed 
circuit, all the voltage is impressed '< 
L and no voltage across R. 

As current starts to flow, the voltage 
pears across R, and the voltage eL acros 
reduced by the amount of eR at that ins' 
reduced voltage across the inductor m 
less rapid increase in iL and thus a less 
increase in the resistor voltage. The ei 
shows that eL finally becomes zero wl 
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circuits for various input voltage waveshapes. 


gradualist? th^T ^ g 7™* the ® R buildS 1113 
curr^t r ia ° he TT ^ put voltaffe as the charging 
the refill / Under a stead Y state condition, 

maKnitudo' L the only factor whlch limits the 
of the current. 

closelv °tSL ^ examine the three curves 
curve tho* *v Ce in the *L (instantaneous current) 
creases current starts from zero and in- 
Practicallv PiCUy at first and then tapers off to 
of lo tinJ a Zero rate °t increase at the end 
the infitar* cons tants. According to Ohm's law, 
the resint^ 1160118 values °f the voltage across 
are directly proportional to the 


current flowing through it. Therefore, the eR 
curve is similar to the 1 l curve. 

Since the sum of voltage around a series 
circuit (the circuit illustrated is a series L/R 
circuit) equals zero, and since the applied 
voltage is constant, the inductor voltage eL is 
always equal to the difference between E^b and 
ep # The inductor voltage equals Ebb when the 
resistor eR equals zero, and equals zero when 
e^ is at maximum value. If you reverse the 
polarity of the eL curve, you may also con¬ 
sider it is representing the back e.m.f. in the 
inductor. (The polarity of back e.m.f. is always 
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Figure 3-23. -Current and voltage curves 
in L/R charging circuit. 

opposite that of the applied voltage.) At first, 
the back e.m.f. is high since the current tends 

to jump to a value of ^b. This large back e.m.f. 

opposes the applied voltage and keeps the current 
small. In order for the back e.m.f. to be sustained 
at its initial high value, the current must continue 
to increase at the initial rate (dotted line in i L 
curve). This is not possible, however, for as the 
current increases, the resistor voltage in¬ 
creases proportionately. The increase in re¬ 
sistor voltage effectively reduces the inductor 
voltage. Hence, the back e.m.f. decreases while 
current and resistor voltage increase. All three 
curves change along exponential curves. 


ends, L the inductance in henrys, and R the r 
sistance in ohms. 


The r a t i o also represents the time r 

quired for the resistor voltage toequal 6: 
percent of the applied voltage, and the time i 
quired for the inductor voltage to equal 3 
—rtf thP nrvnlied voltage. 


L/R Charging Problems 


The shapes of the curves for current 
voltage in the L/R circuits are like those in 
RC circuit. Therefore, you can use the rc 
approximation curves and the universa 
constant curves for determining instantane 
values of current and voltage. 

Study the following sample problems to if 
how to find instantaneous values of current 
voltage in L/R circuits. These problem 
solved by the curve chart method. 

Examples: . 

PROBLEM 1.—Using the values indicau 
the circuit of figure 3-24 find the amovu 
current 200 microseconds after the swiu 


closed. 




Figure 3-24.—Solving L/R problem! 


L/R Time Constant Solution: 

Find the time constant by the f° 
The meaning of the time constant in an L/R , 

circuit is similar to the meaning of the time t. c. = — 

constant in an RC circuit. An L/R time constant 

is defined as the time required for the current . _ 0.01 henry 

through an inductor to increase to 63.2 percent * ' “ 100 ohms 

of its maximum value. The formula for the L/R t c = 10 _ 2 x 10 -2 

time constant is „ 

_ L_ t.c. =10-4 

t,c ‘ = R t. c. = 100 microseconds. 
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tki th f. time constant is 100 microseconds, 
lk» and the time involved is 200 microseconds, the 
charging action will last 2 time constants. From 
the rough approximation curves in figure 3 9 
m or the universal .time constant chart in figure 
nil ? a’ y° u find that the current in the inductor 
In; Jf 87 Percent of maximum at 2 time constants, 
oil Calculating the maximum current by the for¬ 
mula 

T- 50 n c 

1 - Jqq - 0. 5 amperes. 


to the universal time constant chart. (Curve 
A is the resistor voltage curve; curve B 
the inductor voltage during charge.) From 
curves A and B, 

e R = 0.4 of maximum voltage 
eL = 0. 6 of maximum voltage 

Therefore, 

eR = 0.4 x 50 volts = 20 volts 
eL = 0. 6 x 50 volts = 30 volts 

I/R Discharging Problems 


* 41 Seethe maximum current is 0. 5 amperes, it 

'i! of 20 ^ ; 87 of °* 5 or °* 435 amperes at the end 
alb of 200 microseconds. 

W nPa S^ BL , EM 2 ' “ Usin g the same circuit re- 
* E?!*} figure 3-25 and the same time con- 

! svitL 4 d and * L 50 micr °seconds after the 
«!> switch is closed. 

dii Solution: 

The rough approximation curves do not con- 
win a 50 microsecond time. Therefore, refer 


The curves shown in figure 3-26 are formed 
when the source of energy is removed from a 
series L/R circuit, and the energy stored in the 
magnetic field is returned to the circuit by the 
collapse of the field. At the initial instant when 
you open the switch, the resistor voltage eR at¬ 
tempts to decrease to zero, but the inductance 
of the inductor resists any change in current and 
tends to maintain the current flow. This action 
of the inductor occurs because opening the switch 




.5 |--► 10 

Figure 3-25.—Solving L/R problems. 
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(io =1 AT START OF DISCHARGE ) 

Figure 3-26.—Voltage and current curves 
during collapse of inductor field. 

removes the applied voltage, causes the current 
flow in the circuit to tend to cease, and starts the 
collapse of the magnetic field about the inductor. 


This collapse induces a voltage in the indut 
which causes the current to flow inthesam< 
rection that it did when the circuit was char 
Now the self-induced voltage of the coil is 
source voltage in the circuit and its polari 
opposite to what it was while charging. Ai 
discharge current i$ begins to decrease, 
voltage across R decreases proportiona 

Since e r + eL = 0, as previously menti 
in L/R charging, the value of eL^lsodecres 
This change continues as shown in the ep 
eL curves until the eR and eL voltages are 
zero and no current is flowing. The disch 
current at the end of one time constant is 
percent of maximum. 

Study the following sample problems to) 
how to find the instantaneous values of cui 
and voltage in L/R discharging circuits, 
methods employed are like those used 
viously in RC discharge circuits. The for 
for the L/R time constant previously disci 
applies here too. 

Solving by use of curves. 

PROBLEM 1.—Find the current 150 m: 
seconds after the current has started to deci 
in the circuit of figure 3-27. 
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Solution: 

Finding the circuit time constant, 


5 t,C ’ ~ R ” T00"~ 1 x 10 " 4 “ 100 microseconds. 

§ Since the time involved is 150 microseconds, 

* num ber of time constants involved is 1.5. 
Then, since the current starts high and de- 

* creases to zero (refer to curve B in the uni- 
rw versal time constant chart), this curve shows 
e|! that the current drops to 22 percent of its 

^tial value after 1.5 time constants. The 

* current is 100 ma. Therefore, the cur- 

“ f® nt aftep 150 microseconds is equal to 
100 x 0.22, or 22 ma. 

t tha PR °*i LEM 2 *- Usin & the same circuit, find 

* the resistor and inductor voltages 250 micro- 

jp SeC Sofuti<^ ter ^ CUrrent starts ^creasing. 

* The time given, 250 microseconds, con¬ 
stitutes 2.5 time constants. The universal 
time constant chart shows that after 2.5 time 
constants, the voltage drops to 8 percent of 

lit ts labial value. Therefore, since the maxi- 
$ mum voyage of the circuit is 10 volts 


(Er IR 0.1 a. x 100 ohms), the voltage 
e R , after 2.5 time constants, equals 10x0.08, 
or 0.8 volt. 

In finding the inductor voltage, utilize the 
fact that the inductor voltage is the source 
voltage in an L/R DISCHARGING circuit 
and, at all time, is equal to the voltage across 
the resistor. Therefore, since the resistor 
voltage, e Rf is 0.8 volt after 2.5 time 
constants, the inductor voltage, er, equals 
0.8 volt. 


Effect of Varying R and L 

As shown in figure 3-28, varying the size 
of R and L in an L/R circuit changes the charge 
and discharge curves. The changes result from 
the fact that any change of either R or L changes 
the L/R time constant. The solid-line curves 
represent the instantaneous values of current 
and voltage during charge and discharge when 
the time constant is medium. 

Decreasing the time constant sharpens the 
slope of both the charge and discharge curves. 
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Notice, for example, the dashed-line curve. 

It represents the effect of reducing the tira ® 
constant in the circuit to 20 micr ^ ec °nds.A 
time constant may be reduced either by de¬ 
creasing L or by increasing R. Decreasing L 
decreases the opposition to current flow change 
and permits current to build up and decay more 
quickly. Increasing R does not affect the in¬ 
ductance, but it does reduce the maximum cur¬ 
rent flow. Since the maximum value is lower, 
the current reaches its maximum value more 
quickly. Because the current builds up very 
rapidly in a circuit with a short time constant 
the voltage across the resistor (eR)> which 
keeps in step with the current, similarly builds 
up rapidly. The inductor voltage (e L ), which 
drops just as fast as the resistor voltage in¬ 
creases, likewise forms a sharp peak. When 
current is decaying, the resistor voltage and 
the inductor voltage similarly decay much 
more rapidly than in a circuit with a longer 
time constant. 

Increasing a time constant produces curves 
with gradual slopes. For example, notice the 
dotted-line curve. It represents the curve formed 
by a long time constant. The rise of current is 
slower than before because the inductor fur¬ 
nishes more opposition to the flow of current. 
The effect is noticeable also in the other long 
time constant curves, where the fall of voltage 
across the inductor is very slow, and the rise 
of voltage across the resistor requires ap¬ 
preciably more time than with a medium time 
constant. Similarly, the decay of current takes 
longer since a large inductor stores more energy 
than a small one, and consumes more time in 
dissipating it through the resistor. If the time 
constant were lengthened by decreasing R, the 
same relationships would hold true, because the 
smaller resistor would dissipate the energy 
stored in the inductor more slowly. You can see 
W hy by analyzing the basic concepts; energy 
dissipated is power, and power is PR. There¬ 
fore, if the current (I) is constant and the re¬ 
sistance (R) is decreased, the power dissipation 
is less at any single instant. This means that if 
the rate of dissipation is decreased by using a 
smaller resistor, a longer time is required to 
dissipate the energy stored in the inductor. 


stant. One important fact to observe here, other 

than the waveshapes, is how the inductor voltages 

change polarities during the time that the in¬ 
ductor acts as the source of voltage in th ® c jT 
cuit. During current buildup, the> end d l 
inductor that current enters may be called th. 
negative end, for during this time the inducto 
acts just like any resistance or, for that matter 
like any other load. However, when the sourc 
of voltage is removed, the inductor become 
source, and like a battery, the current leave 
the negative end and enters the positive en 
Since current flows in the same direction dunr 
either buildup or decay, the polity of 
inductor voltage actually reverses at each h 

cycle. 


LONG L/R TIME CONSTANT 


SHORT L/R TIME CONSTANT 


The waveshapes illustrated in Hg®* jj" 
are due largely to using a smaller mductc 
The small inductor allows the cur J®£ 
a maximum value very quickly and thus ewa 
the resistor voltage to be nearly a re P , 
the input voltage. Another result is that 
inductor voltage is differentiated into a siu 
peaked wave. 


MEDIUM L/R TIME CONSTANT 


The waveshapes illustrated in figure 3-29 
are those produced when a square wave is ap¬ 
plied to an L/R circuit with a long time con- 


The waveshapes produced by a PP J 
square wave to a medium L/R time 
circuit with the values indicated are 
figure 3-31. The time constant empioy 
equal to the time duration of one haJi 
of the input square wave. Therefore, 
rent reaches 0.63 amperes, or 63_ P®y 
its maximum charge value during the i 
cycle. During the second half cycle, w e 
applied voltage is zero and the indue or 
nishes the current, the current drops 
amperes or 37 percent of 0.63 amperes. •- 
the applied voltage varies between 0 an 
volts, there exists a 50-volt d-c compone 
the waveshape. This d-c component cause 
current during charge and discharge to 
about an average value of 0.5 ampere-(5 
divided by 100 ohms). However, because 
inductance in the circuit, the current doe 
reach this average value immediately bu 
proaches it gradually. It d6es this by sb 
each current half cycle a little higher. Fc 
ample, the average value in the secon< 
cycle is 0.43 amperes; the current rar 
0.63 amperes to 0.23 amperes. In the 
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Figure 3-29.-Effect of long L/R time constant. 


cycle it is 0.47, the range being 0.23 to 
o‘ ’ ^ to the fourth, the average is about 
ir ™ a range of 0.71 to 0.26 amperes. 
Qe current continues its exponential increase 
average value and settles at the point where 
varies around 0.5 ampere. 

Wife succeeding cycles of the input voltage, 
inductor voltage waveform works down until 
about ers arounc * the zero voltage line; that is, 
aero ^ mucl1 °* the inductor voltage is above 
in va^ 8 iS ' >e ^ ow * The e R voltage wave increases 
Ue ^tth each half cycle of the applied 


voltage, thus indicating that a d-c voltage com¬ 
ponent exists in the square wave. 

Frequently, the applied voltage does not con¬ 
tain a d-c component at all, but is a pure square 
wave. In that case waves like those shown in 
figure 3-32 are produced. The current and 
voltage waves produced when the pure square 
wave is applied at the L/R circuit shown are 
identical to those produced when the square 
wave has a d-c component, but the resistor 
voltages are 50 volts less than their original 
value. 
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Figure 3-33.—Equivalence in L/R 
circuit. 



M (•> (c) 




Figure 3-34.—Circuit with voltage and 
current curves. 


s . understand how to apply these equivalent 
j] circuits in finding either current or voltage at 
a time, study the following example: 

* . PROBLEM.-In the circuit in figure 3-34 
ima the current at the end of each of the first 
two time constants. 

Solution: 


When the square wave generator is producing 
ne positive half cycle, it applies a constanl 
00 volts to the circuit in (A) of figure 3-34. 
he equivalent circuit is shown in (B) of the 
i?ure. During this time, current rises towarc 

its maximum value of 1 ampere. Since 

the time constant is 0.01 second, and since 
,, e t*® 6 °* a half cycle is also 0.01 second, 
e 100 volts is applied for one time constant, 
erefore, at the end of one time constant, 

_ 6 n C ^ rent e< fl , als 63 percent of maximum, 
* 0.63 amperes. 

is 7 pv circuit condition when the applied voltage 
the nl shown in (C) of figure 3-34. Initially 
The ti rent iS ampere, as just determined, 
and lik* 16 - °* tllis cycle is also 0.01 second, 
an I /n W ! Se ° ne time cons f a nt. Since current in 
valup • Clrcuit drops to 37 percent of its initial 
De-.-J 11 ? ne time constant, it here equals 37 
endnf ampere or 0.233 ampere at the 

of the second time constant. 


TRIANGULAR WAVES IN RC AND L/R 
CIRCUITS 

Response to Triangular Wave Input 

For ease of understanding the effect of tri¬ 
angular waves in L/R and RC circuits, first 
examine the first rise in voltage when this wave 
is applied to the RC circuit. (See fig. 3-35 (B).) 
The voltage wave enlarged several times for 
easier study, is shown in (C) of the figure. No¬ 
tice that the voltage starts at zero and keeps on 
increasing at a constant rate. The triangular 
waveshape is thus different from that of a square 
wave in which the voltage rises quickly then 
levels off. Likewise, the effect of a triangular 
wave on the capacitor is different from that of a 
square wave. With a square wave, the capacitor 
charges exponentially to the value at which the 
square wave levels off, but with a triangular 
wave the voltage increases as the capacitor 
charges toward it (note the triangular shape of 
the wave), and the capacitor must continually 
charge toward a new higher value. 

Initially when the voltage ei is applied to the 
circuit (fig. 3-35 (B)), the current rises with 
the voltage because the capacitor is initially 
uncharged. This current charges the capacitor 
to a voltage that opposes the applied voltage. 
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Figure 3-35.—Response of RC circuit to 
triangular wave input. 


This should decrease the current, but since 
the input voltage is continually increasing, the 
opposing voltage is more than overcome by 
the applied voltage, and the current actually 
increases, but less rapidly than before. As the 
current increase continues, the capacitor be¬ 
comes charged to a higher voltage and the rate 
of current increase falls off until finally the 
current is high enough to raise the capacitor 
voltage at the same rate at which the input 
voltage waveshape increases. At this point, 
the current becomes constant, and the capacitor 
voltage slope is essentially the same as the 
input voltage slope. At this time the constant 
current through the resistor causes a con¬ 
stant resistor voltage. 

Since current increases from zero to a con¬ 
stant value in an RC circuit, its rate of increase 
is exponential. You can use the curve for e R as 
the current curve. Since both the current and 
voltage are exponential, the current and e R at 
the end of one time constant will be 63.2 percent 
of the voltage applied at that time. After 10 


time constants, the ciirr e nt wili 
value determined by the vbltage ^ a 

at the end of the first time constsmt, t 
the value e max shown in figure 3 - 30 . 


The maximum value of r ®®^°„ t andtt 
(emax) * a function of the time 
rate of rise. It is expressed vy 


rc 

At 


In this equation, 


e m ax = Maximum resistor vo 
R = Resistance in ohms 
C = Capacitance in farads 

= Rate ol change of input «« 
At volts per second. (The V, 
followed by a quantity* 
the amount of change 
tity.) 
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Example: 

PROBLEM.—Assuming that the triangular 
waveshape illustrated has afrequency of 50 c.p.s. 
and is applied to the circuit in figure 3-36, find 
the maximum resistor voltage. 

Solution: 

Inspection shows that the change of the input 
voltage ej is 100 volts during one half cycle. 
You can represent this change in input volt¬ 
age asAej. Since the frequency is 50 c.p.s., 

one cycle is^j-or 0.02 second. Therefore, 

the half cycle is 0.01 second long. You can 
represent the change in time as At. There¬ 
fore, At, during the 100-volt rise, is 0.01 
second. 

Substituting in equation, 

e max = RC 

_ 100 x 10 5 x 0.02 x IQ" 6 
e max= o 70 l 

10 2 x 10 5 x 2 x 10’ 2 x 10“ 6 
max - 


e max s 2 x 10 
e max = 20 volts - 

The capacitor continues to charge at the same 
rate until the rise of input voltage ceases. As 
the voltage abruptly starts decreasing during the 
second half of the cycle, the charging rate of the 
capacitor decreases until the input voltage drops 
to the same value as the capacitor voltage. At this 
point, the current is zero. As the applied voltage 
continues todecrease, it falls below the capacitor 
voltage, and the capacitor starts discharging. 
This reverses the current, causing a negative 
voltage across the resistor. Again, the change¬ 
over cannot occur any faster than the capacitor 
can discharge, so the current, and consequently 
the resistor voltage change is exponential. The 
decrease in voltage is at the same rate 

( A ^) ; so the negative voltage is also 20 volts. 

An L/R circuit has the same effect on tri¬ 
angular waveshapes as an RC circuit provided 
you observe the following changes: 

1. The waveshape which appears across the 
resistor in the RC circuit appears across 
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the inductor in the L/R circuit, while the 
wave which appears across the capacitor 
in the RC arrangement appears across 
the resistor of the L/R combination. 

2. The time constant is^-instead of R x C. 


Aei L 

3. The term—^ r is used to obtain the final 
voltage across the inductor. 

When a triangular voltage waveshape is ap¬ 
plied to an L/R circuit, the current increases at 
a constant rate. This, in turn, causes the in¬ 
ductor voltage to become constant after 10 time 
constants. You can express the maximum in¬ 
ductor voltage by the equation 

E L At X R 

where El is the maximum inductor voltage, 


Ae 

At 


i the rate of change of voltage, L the induc¬ 


tance in henrys, and R the resistance in ohms. 


PHASE SHIFTING 

Review of Phase Relations inRC and 
RL Circuits 

For an understanding of phase splitting and 
phase shifting the following current and voltage 
relationships in RC and RL circuits should be 
recalled: 

1. The current and voltage are in phase in a 
resistor. 

2. The current leads the voltage by 90 de¬ 
grees in a capacitor. 

3. The current lags the voltage by 90 de¬ 
grees in an inductor. 

4. When a resistor and capacitor are con¬ 
nected in series, the voltage across the 
resistor leads the voltage across the ca¬ 
pacitor by 90 degrees. 

5. When a resistor and an inductor are con¬ 
nected in series, the voltage across the 
resistor lags the voltage across the in¬ 
ductor by 90 degrees. 

Phase-Splitting Circuits 

When a resistor and a capacitor are con¬ 
nected in series with an applied sine-wave volt¬ 
age (fig. 3-37), two output voltages can be ob¬ 
tained which differ in phase by 90 degrees. The 
voltage across the resistor R is always in phase 
with the current in R, while the voltage across 
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Figure 3-37.—RC phase-splitting circuit. 

capacitor C is always 90 degrees out of phase 
with the current flowing in C. Therefore, the 
voltage outputs across resistor R and capacitor 
C (Er and E c ) are 90 degrees out of phase with 
each other. Such a circuit, in which two outputs 
are used, is called a PHASE-SPLITTING CIR¬ 
CUIT. 

A similar condition results when a resistor 
and an inductor are used (fig. 3-38), except that 





Figure 3-38. —RL phase-splitting circuit. 

the direction of the phase shift is reversed. 
Since an inductor in an a-c circuit causes the 
current to lag the voltage by 90 degrees, the 
output voltages of the phase-splitting circuit 
differ by 90 degrees, and the voltage across the 
resistor lags the voltage across the inductor. 


RC Phase-Shifting Circuit 

The RC phase-splitting circuit (fig. 3-37) 
produces a phase shift or phase difference of 
90 degrees between the voltage across the re¬ 
sistor and the voltage across the capacitor. The 
shift in phase between one of these voltages 
and the supply voltage depends upon the ratio 
between the resistance and the reactance in the 
circuit. 

When the resistance is large with respect 
to the capacitive reactance (fig. 3-39 (A))» 
most of the opposition to current flow is caused 
by the resistance, and the effect of the capacitor 
is small. The current through the circuit is 
therefore almost in phase with the supply voltage, 
bince the voltage drop across the resistor is “ 
phase with the current, Ep is almost in phase 


Digitized by 


Google 



Figure 3-39.—RC phase-shifting network. 


with E q . The output voltage across tne capaci- 
r is nearly 90 degrees out of phase with the 
_ M a f e across the resistor. This phase relation- 

Sram (cT figrUre 3-39 (B) and the vector 

t 0 m^ reSiStance is sma11 with respect 

tZ'XST r ? actance 3 - 39 <P», most 
the ,!. T Siti0n t0 current flow is caused by 
fore 7116 current in the circuit there- 

The vfti* 8 the applied voltage nearly 90 degrees. 
Phase TiH+K e *if Cr0SS the resistor > which is in 
derr-PAo the current » is approximately 90 
Thfreforp^t? ph ^ e with the applied voltage, 
which is ’ on he ^ voltage across the capacitor, 
voitairp ! 90 degrees out of phase with the 
with thp m«°i S the resist or, is nearly in phase 
18 showifTn TJ\° ltage * This phase relationship 
A nhao and tbe vector diagram (F). 

comped CirCuit ’ therefore, may be 

conneetpH a capacitor and a variable resistor 

The phase rtth!* a s ^ e - wave s «P p ly voltage, 
lation to *iT , output volt age is shifted in re- 
amount of volta & e b Y variations in the 

is acrnsfi ./’ esistance * When the output voltage 
the circuito ® capacitor > very little resistance in 
the in DlI t A ^ ea 30 output almost in phase with 
y A M & h resistance, on the other hand, 


gives an output voltage which lags the input 
voltage. 

The output can also be taken across the re¬ 
sistor. In this case the direction of phase shift 
is reversed. Increased resistance brings the 
output and input voltages more nearly into 
phase with each other, while decreased re¬ 
sistance results in a greater degree of phase 
shift. 


RL Phase-Shifting Circuit 

Substitution of an inductor for the capacitor 
in the circuit of figure 3-39 produces an RL 
phase-shifting circuit (fig. 3-40 (A) and (D)). 
The phase relations between the input and output 
voltages can be seen in figure 3-40 (B) and (E) 
and in the vector diagrams (C) and (F). Since 
in the case of inductance the current lags the 
voltage, the voltage across the resistance al¬ 
ways lags the voltage across the inductance. The 
output voltage normally is taken from across the 
inductance. An increase in the resistance of the 
phase-shifting circuit increases the difference 
in phase between input and output voltages. A 
decrease in the resistance brings the input and 
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Figure 3-40. —RL phase-shifting network. 


output voltages more nearly into phase with 
each other. 

One disadvantage of the RC and RL types 
of phase-shifting circuits is that the voltage 
across either the capacitor or inductor becomes 
smaller and smaller as the resistance is in¬ 
creased. As a result, these networks are not 
always satisfactory in a circuit in which a defi¬ 
nite output voltage is required. They are prac¬ 
tical, however, as networks which can be ad¬ 
justed to give a definite fixed value of phase 
shift. 


Use of Phase-Shifting Circuits 

Phase-shifting circuits are used for two 
general purposes: 

1. To obtain a definite degree of phase shift 
which may be fixed or adjustable within small 
limits. For example, this type of circuit is used 
to correct a shift in phase which otherwise oc¬ 
curs in the equipment. Either the RC or the RL 
phase-shifting circuit can be used for this pur¬ 
pose. 

2. To obtain a shift in phase continuously 
variable over 360 degrees, which can be ad¬ 


justed accurately to any desired degree 
shift, neither an RC nor RL phase -shifting 
circuit can be used alone. However, an 
cuit is used as a part of the Helmhol z- 
arrangement, which enables a continuously v 
able degree of phase shift to be obtaine 
fixed voltage output. 


Rotating Magnetic Field 


The Helmholtz-coil phase-shifting c ^ rC 
depends upon the generation of a rotating^mag¬ 
netic field by its primary coil assembly 
operation. Therefore, the properties of a rota 
magnetic field must be considered. 

The field around an electromagnet is direcuy 
proportional to the current flowing throug » 
and the polarity of the field is deter mined by tn 
direction of current flow. When two magne ., 
fields are produced in the same space, the * 
rection and magnitude of the resultant fi©"* 
determined by the INTERACTION of the two 
fields and is the VECTOR SUM of the two field*. 

The method of producing a rotating magnet 
field by the action of two sets of electromagne 
is shown in figure 3-41. At position (A) curren 
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Figure 3-41. -Rotating magnetic field in Helmholtz Coil. 


c oncentratp? h the vertical coils, producing 

and lower eo ”s a ^/ ield ^ tWeen ‘ he UpP ' 

Point } ' The lines °f force °f fWs fie 
throughbofh position ( fi ) current flo\ 
maS P ts ^ coUs > Producing a distribute 
of coils ariH ?* 7116 fields produced by each s 
aW a dtaff °i produce fines of force pointir 
vorl th/°f? alUpWard to the right. In othc 
clockwise Hit 61 ! 1 * 8 rotated 45 degrees in 

1,1 the vertiw? coi°N*i At posi * ion (C > currei 

horizontal coils i/ S Zer °’ but current ^ tt] 
is also shrram K ; S at a “^^m. This resu 
in which tho ?L he curves °f current (or fielc 
coils and the d0t Jf' d line refers to the vertics 

T he magnetic fe°Ji d line to the h °rizontal coils 
ield now points horizontally to th 


right representing 90 degrees of rotation. Po¬ 
sition (D) shows a reversal of the currents from 
position (A) and therefore represents a 180- 
degree shift in direction of the field. Likewise 
position (E) is a reversal of position (C), repre¬ 
senting 270-degree rotation. Position (F) is the 
same as (A), showing the completion of 360 de¬ 
grees rotation of one revolution of the magnetic- 
field flux. Thus, if alternating current is made 
to flow in the vertical and horizontal coils, the 
field can be caused to rotate uniformly. 

Figure 3-42 (A) represents the condition in 
which the current in the vertical coils is much 
greater than the current in the horizontal coils. 
Line A corresponds to the field produced by the 
vertical coils and line B to the field produced 
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Figure 3-42.—Determination of resultant magnetic fields. 


by the horizontal coils. Line C gives the direc¬ 
tion and magnitude of the resultant field. In (B), 
corresponding to figure 3-41 (B), the current 
producing line A is smaller, but the current 
producing line B is larger, keeping line C the 
same length but changing its direction. In (C) 
the current in the vertical coils is very small, 
but the current in the horizontal coils is so 
large that the resultant field, line C, is still 
the same. 

Thus, if the circuit is so adjusted that the 
currents in the horizontal and vertical coils 
are always 90 degrees out of phase and their 
maximum amplitudes are equal, a sine-wave 
input produces a rotating field in the space be¬ 
tween the coils. The direction of this field 
rotates through 360 degrees for each cycle of an 
input sine wave, while the magnitude of the field 
remains constant. 


Helmholtz-Coil Phase-Shifting Circuit 

The Helmholtz-coil phase-shifting circuit 
(fig. 3-43) uses two sets of coils for the pri¬ 
mary circuit. It obtains the necessary 90 degree 


difference in phase by means of a capacitor and 
resistor connected as a FIXED phase-shifting 
circuit in series with one set of coils. The 
horizontal-and-vertical-coil circuits must be 
carefully matched so that the maximum currents 
in each are equal. Since the horizontal coils are 
connected across the input line, the current 
through them lags the input voltage by almost 90 
degrees. The same condition would exist in the 
vertical coils if they, too, were connected di¬ 
rectly across the input terminals. But if a 
capacitor and an adjusting resistor are added in 
series with the vertical coils, this circuit can 

be adjusted so that the current through the verti¬ 
cal coils is exactly 90 degrees out of phase with 
the current in the horizontal coils. This is the 
condition required to obtain a rotating magnetic 
field when a sine-wave voltage is applied. A 
secondary coil S is pivoted in the center of the 
space between the horizontal and vertical coils 
so that it can be rotated manually and adjusted 
to any desired position relative to the primary 
coils. The rotating magnetic field formed bythe 
currents flowing in the primary coils induces a 
voltage in the secondary coil. The phase relation 
between the output voltage and the input voltage 
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depends upon the physical position in-which the 
secondary coil is placed. 

In the rotating magnetic field (fig. 3-44) if 
some fixed point O is used as a reference, the 
magnetic lines of force point toward O once 

f ^jL ea . c . h c y < r le * The same condition is true 
for any other fixed point such as P. However 



igure 3-44.—Phase shift between 
line voltage and induced electro¬ 
motive force. 

angle (lufl ° and . p are separated by some 
field noint* f egre ® s in this case), the magnetic 

each cycle uT ? differenttimesdurin ^ 

at the qa mi 1 the magnetic fields seen at O and P 

curves m plotted ’ the resultant 

If the d6grees out 01 P hase ( f ig- 3-45). 

Passes th° d \ ry 0011 is so placed that its axis 

maximum U jf h p0int 0 and the line volta ge is 
when the lines of force point to O, 



the electromotive force produced in the coil and 
the line voltage are maximum at the same time- 
in other words, they are IN PHASE. However' 
if the coil is rotated to the position where its 
axis points to P, a maximum electromotive 
force is not induced until the magnetic field 
rotates through 135 degrees. The electromotive 
force in the secondary or pickup coil and the 
line voltage are then 135 degrees OUT OF 
PHASE. Hence, any position may be selected for 
the axis of the pickup coil to obtain any phase 
relationship desired between the line voltage 
and the induced electromotive force. A mechani¬ 
cal rotation of one degree produces a phase 
difference of one degree between line voltage and 
induced electromotive force. 

In order to keep the current in the secondary 

coil as low as practicable, a high resistance must 

be connected across the output of the coil. This 
is necessary since any appreciable current flow¬ 
ing in the secondary coil would produce a mag¬ 
netic field which would react with the primary 
field and change the phase relationship between 
the currents in the two sets of stationary coils. 
The output of the circuit must be fed to a voltage 
amplifier. 

The Helmholtz-coil phase-shifting c i r c u i t 
provides a means of obtaining any desired degree 

of phase shift, through the entire cycle of 360 
degrees, by the mechanical placement of the 
secondary coil in a previously calibrated posi¬ 
tion. 


RESISTANCE-CAPACITANCE OSCILLATORS 

hi an RC oscillator, the frequency is de¬ 
termined by a resistance-capacitance network 
that provides regenerative coupling between the 
output and input of a feedback amplifier. No use 
is made of a tank circuit consisting of inductance 
and capacitance to control the frequency. 


Wien-Bridge Oscillator 
TYPICAL CIRCUIT 

An oscillator in which a frequency-selective 
Wien-bridge circuit is used as the resistance- 
capacitance feedback network is called a Wien- 
bridge oscillator. One widely used circuit for 
this type of oscillator is shown in figure 3-46 
(A) and (B). In (A) the feedback circuit is drawn 
to show that the phase-shifting element of the 


Digitized by 


Google 










AVIATION ELECTRONICS TECHNICIAN 1 & C 



(A) CIRCUIT DRAWN TO SHOW BRIDGE CIRCUIT 



(B) CIRCUIT DRAWN TO FACILITATE DISCUSSION 

Figure 3-46.—Wein-bridge oscillator'. 


circuit is a frequency selective bridge. However, 
it is simpler to use the circuit as shown in (B) 
for purposes of discussion since the feedback 
paths are shown more clearly. 

ANALYSIS OF OPERATION 

Tube Vi is the oscillator tube. Tube V 2 acts 
as an amplifier and inverter. Thus, even without 
the bridge circuit, this system oscillates since 
any signal that appears at the grid of Vj is 
amplified and inverted by both and V 2 . The 
voltage fed back to the grid of Vi then must 


reinforce the initial signal, which causes osci - 
lations to be set up and maintained. However, 
the system amplifies voltages of a very vaae 
range of frequencies. Voltages of any frequency 
or of any combination of frequencies can cause 
oscillation. The bridge circuit is then used to 
eliminate feedback voltages of all frequencies 

except the single frequency desired in the output. 

The bridge allows a voltage of only one fre¬ 
quency to be effective in the circuit because 01 
the degeneration and phase shift providedbythis 
circuit. Oscillation can take place only at the 
frequency f 0 which permits the voltage across 


80 


Digitized by LjOoq le 




Chapter 3 — RC AND RL NETWORKS 


R 2 , the input signal to Vj, to be in phase with 
the output voltage of V 2 , and for which the posi¬ 
tive feedback voltage exceeds the negative feed¬ 
back voltage. Voltages of any other frequency 
cause a phase shift between the output of V2 and 
the input to Vj and are attenuated by the high 
degeneration of the circuit so that the feedback 
voltage is not adequate to maintain oscillation 
at a frequency other than f 0 . 

A degenerative feedback voltage is provided 
by the voltage divider consisting of R3 and the 
lamp LPj. Since there is no phase shift across 
this voltage divider, and since the resistances 
I® P. r ^ tic ^y constant for all frequencies, the 
amplitude of the negative feedback voltage is 
constant for all the frequencies that may be 
present in the output of V 2 . A curve of the nega¬ 
tive feedback voltage is plotted as shown in (A) 
of figure 3-47. 


NEGATIVE 
FEEDBACK 
’ W VOLTAGE 


jS. . PHASE SHIFT 

OF positive 

FEEDBACK VOLTAGE 


(B) POSITIVE 
FEEDBACK 
VOLTAGE 


frequency 


Figure 3-47.—Frequency feedback voltages in 
Wien-bridge oscillator. 

f6edbaCk VOltage is P rovided *>y 
Co. If thf fr^ der consistin S of Ri Cl, R 2 , and 
of the * U6nCy is very w 8: h » the reactance 
resistor i ?} tor * is almos t zero. In this case 
making thp 2 8 ® hunted b y a ver y low reactance, 
SKnmd aim U ltage ^tween the grid of Vi and 
EEL Zero - 011 the other hand, if the 
that ra« y « S reduced toward zero the current 
duced to ai ° W ^ through eith er C2 or R2 is re- 

of Ci. The? e °forp ei ih by t ^f very reactance 
of Vi anrf ° r ^’ t he voltage between the grid 

tntermediaf r °i md falls almost to zero. At some 
voltage in 6 ^ equenc y the positive feedback 
figure 3 as shown by curve B in 

vicimtv nt f *lL CUrve is rather flat in the 
to the nnai+i 0 ' “ the phase shift that occurs 
single frem. V6 ^ eedbac k circuit permits only a 
^ freque ncy to be generated. 


The voltage across R 2 is in phase with the 
output voltage of V 2 if RjCi = r 2 C 2 . If the 
frequency of the output of V 2 increases, the 
voltage across R 2 tends to lag the voltage at the 
plate of V 2 . If the frequency decreases, the 
voltage across R 2 leads the output voltage of 
V 2* Curve C in figure 3-47 shows the phase 
angle between these two voltages as the fre¬ 
quency of the feedback voltage is varied. 

The frequency at which the circuit oscillates 
is 


^ = 2 7T 


2 7T Rid 


At this frequency the positive feedback voltage 
on the grid of Vi just equals or barely exceeds 
the negative feedback voltage on the cathode, and 
the positive feedback voltage is of the proper 
phase to sustain oscillation. At any other fre¬ 
quency, the negative feedback voltage is larger 
than the positive, so that the resultant degenera¬ 
tion of the amplifier suppresses these frequen¬ 
cies. 

The lamp LPi is used as the cathode re¬ 
sistor of Vi in order to stabilize the amplitude 
of oscillation. If for some reason the amplitude 
of oscillation tends to increase, the current 
through the lamp tends to increase. When the 
current increases, the filament of the lamp be¬ 
comes hotter making its resistance larger. A 
greater negative feedback voltage is developed 
across the increased resistance of the hotter 
lamp filament. Thus more degeneration is pro¬ 
vided, which reduces the gain of Vi and thereby 
holds the output voltage at a nearly constant 
amplitude. The waveform is sinusoidal only 
when the output from Vi is low in amplitude. 
By keeping the amplitude low, the lamp serves 
also to prevent distortion of the sinusoidal 
waveform of the output. 


APPLICATIONS OF WIEN-BRIDGE 
OSCILLATORS 

The Wien-bridge oscillator has many ad¬ 
vantages over other types of audio oscillators. 
For instance, it may conveniently be made to 
produce a wide range of frequencies. The wave¬ 
shape is very nearly a true sine wave. Fre¬ 
quency stability is excellent. Finally, the output 
amplitude is nearly constant over a very wide 
frequency range. 
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Phase-Shift Oscillator 
TYPICAL CIRCUIT 

The phase-shift oscillator is a special type 
of resistance-capacitance tuned oscillator that 
operates with a single tube. The circuit consists 
of only one amplifier tube plus a phase-shifting 
feedback circuit which creates a phase shift in 
proportion to the frequency passed through it 
(fig. 3-48). The standard feedback-oscillator 
circuit requires that the signal from the plate 
be shifted 180 degrees in order that reinforcing 
action can take place on the grid to make up 
for circuit losses. In the phase-shift oscillator 
this is accomplished by three resistance-capaci¬ 
tance sections. 


ANALYSIS OF OPERATION 

An L-section resistance-capacitance phase 
shifter is shown in figure 3-49. An alternating 
voltage applied to this circuit causes a current 
to flow in the circuit. The magnitude of this 
current is determined by the total impedance 
in the circuit. Since the impedance is capaci- 
tative, the current i leads the impressed voltage 
e by an angle 9 shown equal to 60 degrees in 
figure 3-49 (B) and (C). The voltage drop eR 
which occurs across resistor R is in phase with 
the current that flows through it. Therefore eR 
must lead the impressed voltage by an angle 6 . 
If the output of this L-section is impressed on a 
second similar phase shifter, the phase of the 
output voltage is shifted an angle 9 again. The 
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Figure 3-49. —L-section RC phase shifter. 


j output of this second phase shifter is then leading 
the first input voltage by an angle 2 6 . 

If the resistance of R is varied, the phase 
angle of the current flowing in the circuit also 
is varied. If R is reduced to zero, the phase 
angle of the current is 90 degrees, but this action 
is useless since there is no resistor across 
which to develop a useful voltage. It is not pos¬ 
sible, then, to get a 90-degree phase shift in a 
single L-section of this type. 

In order to obtain a phase shift of 180 de¬ 
grees, three L-sections must be put in series. 
Because the reactance of a capacitor varies 
with frequency, the combination of three L- 
sections gives a 180-degree phase shift at only 
one frequency. This enables the circuit of figure 
3-48 to operate at only one frequency. 

The oscillations are started by any circuit 
change such as a plate-supply ripple or random 
tube noise. When a disturbance occurs, the slight 
change is amplified, inverted 180 degrees at the 
Plate, and inverted another 180 degrees by the RC 
network to be returned in phase to the grid of 
the tube for reamplification. The cumulative 
ui dup is repeated until the tube cannot amplify 
’tf er because of plate-current saturation. 
u, each of the three L-sections A, B, and C 
g. 8-50) produces a 60-degree phase shift, 
e ln P ut v °ltage to the grid of the tube is shifted 


180 degrees relative to the output voltage at the 
plate. The output of section A leads the nlate 
voltage by 60 degrees. If the output of Action 
A is impressed on section B, the output of this 
circuit leads the plate voltage by two times 60 
degrees or 120 degrees. In the same wav Zlu 
C adds another 60-degree shift in phase’and the 

M&s? leads the 

on the tube is adjusted to a value wh^h h ^ 
allows oscillations to be maintained The [re 7 
quency stability of the circuit is then also^ 


APPLICATIONS OF PHASE-SHIFT 
OSCILLATORS 


manly m applications where afixedfrequL?^ 
desired, but the frequency can be changed hv 
changing any of the phase-shifting capacitor* V 
resistors. In order to INCREASE THE friT 
QUENCY, either the resistance or the „ E ' 

frTquenc 1 ? D ^h REASEa T0 DECRE a ^ P the 
FREQUENCY, the resistance or capacitance 
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must be INCREASED. The angle that each 
L-section shifts the phase is dependent on the 
ratio of 


R 2 7r fCR 

If the value of this fraction is to remain constant, 
either C or R must be increased when the fre¬ 
quency is decreased. 

Another type of phase-shift oscillator is 
shown in figure 3-51. The bridge circuit, con¬ 
sisting of R X , R 2 , R3 , Ci, C 2 , and C3, is so 
proportioned that at only one frequency is the 
output voltage across R4 180 degrees out of phase 
with the voltage at the plate of the tube. The re¬ 
actance of the several capacitors involved 
changes sufficiently with a change of frequency 
so that the phase shift produced is 180 degrees. 


This will occur at only one frequency. Voltage 
of other frequencies, therefore, are fed back 1 
the grid out of phase with the existing grid sif 
nal, and are canceled by being amplified out 
phase. 



Figure 3-51.—Bridge-type phase-shift 
oscillator. 
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QUIZ 


1. A peaked waveform is composed of a funda¬ 
mental sine wave and an infinite number of 

a. odd harmonics in phase 

b. even harmonics in phase 

c. both odd and even harmonics in phase 

d. odd harmonics out of phase 

2. With reference to an applied waveform, what 
is considered to be a long time constant? 

a. One-tenth the time of the longest portion 

b. Ten times the shortest portion 

c. Ten times the longest portion 

d. The time of the longest portion 

3. What is a differentiator or integrator cir¬ 
cuit? 

a. A coupling circuit 

b. A distortion circuit 

c. A phase splitting circuit 

d. A parallel RC circuit 

4. What wave shape will be obtained across L 
in a long L/R circuit with a square wave 
applied? 

a. Square wave 

b. Peaked wave 

c. Sawtooth wave 

d. Sine wave 

5. Assume that the time constant of a circuit 
is to remain unchanged. Which of the fol¬ 
lowing is a true statement? 

a. If R is increased, C must also be in¬ 
creased 

b. If R is increased, C must be decreased 

c. If C is increased, R may be either de¬ 
creased or increased 

d. If C is increased, R may be either de¬ 
creased or unchanged, but must not be 
increased 

6. How can the L/R time of a circuit be in¬ 
creased? 

a. Increase L 

b. Increase R 

c * Decrease frequency 
d. Increase frequency 

What is the instantaneous value of current 
in a series L/R circuit after one L/R time? 
a * Maximum 
b* Minimum 

c. 63 percent of maximum 
d * 37 percent of maximum 


8. What is the primary use of a short R C 
circuit? 

a. For coupling a d-c voltage 

b. For blocking an a-c voltage 

c. For phase shifting 

d. For waveform shaping 

9. What is the primary use of a long RC cir¬ 
cuit? 

a. For coupling a d-c voltage 

b. For coupling an a-c voltage 

c. For shaping 

d. To serve as a voltage divider at low 
frequencies 

10. A sawtooth waveform is composed of a 
fundamental sine wave and an infinite num¬ 
ber of 

a. odd harmonics in phase 

b. even harmonics in phase 

c. both odd and even harmonics in phase 

d. odd harmonics out of phase 

11. What effect will increasing R in an L/R cir¬ 
cuit have on resistor waveform? 

a. No effect 

b. It will more closely resemble the input 

c. It will cause more distortion P 

d. It will resemble the input less 

12. What effect on resistor waveform will in 
creasing R m an RC circuit have 9 

a. No effect 

b. It will more closely resemble 

c. It will cause more distortion H mpUt 

d. It will resemble the input less 

13. What is the rate of charge or diarW 

a capacitor in a series RC circuit? 8& ° f 

a. Exponential r 

b. Linear from 0 percent to 100 

c. Charges/discharges 100 percent^ 6 * 1 * 

RC time Percent xn 0ne 


RC time 
d. Same a! 


parallel R_ C circuit 


14. What wave shape will be obtained acr,, 

resistor in a long RC circuit with a sn he 
wave applied? cn a s H u are 

a. Square wave 

b. Peaked wave 

c. Sawtooth wave 

d. Sine wave 
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15. With reference to an applied waveform, what 
is considered to be a short time constant? 

a. One-tenth the time of the shortest por¬ 
tion 

b. The time of the shortest portion 

c. 5 times the shortest portion 

d. One-tenth the time of the longestportion 

16. What wave shape will be obtained across L 
in a short L/R circuit with a square wave 
applied? 

a. Square wave 

b. Peaked wave 

c. Sawtooth wave 

d. Sine wave 

17. What wave shape will be obtained acros s the 
resistor in a short RC circuit, with a square 
wave applied? 

a. Square wave 

b. Peaked wave 

c. Sawtooth wave 

d. Sine wave 

18. Voltage waveforms across an inductor in 
an L/R circuit, and across a resistor in 
an RC circuit 

a. show opposite results to a given wave¬ 
form 

b. show the same results to a given wave¬ 
form 

c. cannot be compared 

d. show no similarity 


19. A square wave is composed of a fundamen 
sine wave and an infinite number of 

a. odd harmonics in phase 

b. even harmonics in phase 

c. both odd and even harmonics in pha 

d. odd harmonics out of phase 


20. What is the instantaneous value of curr 
in a series RC circuit after one RC tin 

a. Maximum 

b. Minimum 

c. 63 percent of maximum 

d. 37 percent of maximum 


21. The universal time constant chart can 

used with 

a. R and C combinations of short timec 
stant circuits 

b. R and C combinations of long time c 
stant circuits 

c. R and C combinations of medium ti 
constant circuits 

d. all of the above 
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CHAPTER 4 

SPECIAL CIRCUITS 
Limiters and Clippers 


The term limiting refers to the removal by 
electronic means of one extremity or the other 
of an input wave. Circuits which perform this 
function are referred to as LIMITERS or 
CLIPPERS. 

Limiters are useful in waveshaping circuits 
where it is desirable to square off the ex¬ 
tremities of the applied signal. A sine wave 
may be applied to a limiter circuit to obtain a 
rectangular wave. A peaked wave may be applied 
to a limiter to eliminate either the positive or 
the negative peaks from the output. In frequency 
modulation receivers, where it is necessary to 
limit the amplitude of the signal applied to the 
detection system to a constant value, limiter 
circuits are employed. Limiters find applica¬ 
tion as protective devices in circuits in which 
the input voltage to a stage must be prevented 
from swinging too far in the positive or the 
negative direction. 


SERIES-AND PARALLEL-DIODE LIMITERS 
Series-Diode Limiting 

The characteristics of a diode are such that 
the tube conducts only when the plate is at a 
positive potential with RESPECT TO THE 
ATHODE or, in other words, when the cathode 
« negative with respect to the plate. If the 
cathode is held at ground potential, the plate 
eed only be positive with respect to ground 
or current to pass through the diode. A positive 
P tentia! may be placed on the cathode, in which 
0n the does not conduct until the voltage 
LfkPuH P rises above that Positive value. 
uotenHof* j cat hode may be held at a negative 
is nnquT and the tube conducts while the plate 
Plate io V6 t and continues to conduct while the 
negative a negative potential which is less 
an the cathode. As the plate becomes 
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more positive with respect to the cathode, the 
current through the tube increases and the 
plate-to-cathode resistance decreases rapidly 
from an open circuit to an average value on the 
order of 500 ohms. 

The series-diode limiter (fig. 4-1) is com¬ 
monly used to limit the positive half of a sine 

wave. The rectifying characteristics of the diode 

are utilized so that it may be considered as a 
switch. This is justified if the value of R is 
very large as compared to the resistance of 



Figure 4-1.-series diode used to limit 
positive signals. 1 

the diode when conducting. Thus in r 
the output voltage remains at zero th 
the positive half cycle of the inV h ughout 
diode switch is open and n. PUt Since 
through R. During the negative fouT 1 fl ° Ws 
the other hand, the cathode is ’ ° n 

respect to the plate and the tube con^T With 
switch is closed and the output voltage de 1 The 
across R follows the applied volLf! ^ l0ped 
lecting the very small dron ^ a ° d ’ ne &- 
e p , is essentially equal to it. ? oss the tube 
In a similar manner the same 
the diode connections reversed m a u CUlt ’ w *th 
limit the negative swing of the T d to 
This application is illustrated in * 7°i tage - 
diode switch is closed during the po^e s'wSg 
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Figure 4-2.-Series diode used to limit 
negative signals. 


of the input voltage and is open during the 
negative * swing. Thus a voltage is developed 
across R during the positive half cycle only. 


Parallel-Diode Limiting 


An alternate method of employing diodes in 
limiter circuits is shown in (A) and (B) of 
figure 4-3. The tubes in the two circuits are 


AVIATI ON ELECTRONICS TECHNICIAN 1 & C ---■- j 

connected in parallel with the load, which is! 
assumed to be" a very high impedance so that 

the output current is negligible. . 

In figure 4-3 (A) the diode is connected so 

as to limit the positive signals f*^ ,pr “ d “j d 7 t 
ground potential. Since the cathode is held at 
ground potential, the diode conducts ^0"?“ 

the entire positive haU cycle. 
through the tube and through the series ' re 
sistor R As R is large as compared to the 
plate-to-cathode resistance of the chode, e - 
sentially the entire input voltage is developed 
across R and the output voltage is only the H 
low voltage drop across the diode, ep. 
mlv ^ a negligible positive voltage depend^ 
™ the ratio of Rto the diode reside. On to 
negative swing of the input the diode 
conduct; thus no current flows through 
the output voltage equals the input. 

In figure 4-3 (B) the plate of the di(»« 
held at ground potential so that the! be d 
not conduct during the positive half cycle. 



’IN 



(A) POSITIVE LIMITING 



IN 



(b) negative limiting 

Figure 4-3.-Parallel-diode limiter circuits. 
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the output voltage equals the input. During the 
negative half cycle of the input voltage the 
cathode is negative with respect to the plate 
and the diode conducts. The diode current flows 
through the series resistor R across which 
essentially the entire input voltage is developed. 
The output voltage is limited to the very low 
voltage drop across the tube. This low negative 

! voltage as a rule may be neglected, and the 
outputs may be considered as being limited at 
essentially ground potential as a result of the 
switching action of the diode. 


when no signal is applied at {^positive than 
as the input voltage re iru n £ an open 

the battery voltage E, the the 

switch and the output equals the i ^ ^ 

input increases to a valu ® a close d switch 

diode conducts and behaves as 

which effectively connects the upper P 

terminal to the positive terminal of the battery. 
Thus during this portion of the input cycle the 
output voltage equals E, and the difference be¬ 
tween ein and E appears as an IR drop across 
the resistor R, neglecting ep (voltage drop 
across the tube). 


epenfr Biasing the Limiter 

iM 

dof!i| An input voltage can be limited to any 
h desirable positive or negative value by holding 
i the proper diode electrode at that voltage by 
lot! means of a battery or biasing resistor. Two 
he if such circuits are shown in figure 4-4. 

The cathode of the diode in figure 4-4 (A) is 
more positive than the plate by the value of E 


The plate of the diode (fig. 4-4 (B)) is 
negative by the value of battery voltage E. Thus, 
as long as the input is positive or is less nega¬ 
tive than E, the diode is an open switch and the 
output voltage e 0 ut is equal to the input. When 
the input becomes more negative than E, the 
diode conducts and effectively connects the upper 
output terminal to the negative terminal of the 
battery. During this portion of the input cycle, 



C 



(b) negative limiting 

Figure 4-4.—Parallel diodes limiting above and below ground. 
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e ut equals E and the difference between e in 
and E appears as an IR drop across R. 

It is sometimes desirable to pass only the 
positive or negative extremity of a waveform on 
to a succeeding stage. To accomplish this the 
parallel-diode limiters shown in figure 4-5 can 
be employed. In (A) the entire portion of the 
input waveform above the negative potential E 
causes the diode to conduct, thus producing an 
output voltage which varies between the negative 


Crystal-Diode Limiting 

Although most circuits use diode vacuum 
tubes in limiter circuits, the crystal diode or 
silicon crystal rectifier is becoming increasingly 
popular for limiting. The crystal diode usually 
consists of a small piece of silicon and a pointed 
tungsten wire contactor. It operates by virtue 
of the fact that it passes little current from the 
crystal to the wire because of high resistance. 



(B) POSITIVE 
Figure 4-5.-Parallel-diode ] 

level of E and the negative extremity of the 
input. In (B) the diode conducts during the entire 
portion of the input waveform which is below 
the positive potential of E. The output voltage 
then varies between the positive level of E and 
the positive extremity of the input waveform. 
In either case the difference between the value 
of E and ein during the time the diode conducts 
is represented by the IR drop across the series 
resistor R. 


PEAKS RETAINED 

imiters which pass peaks only. 

but permits current to flow readily from 
wire to the crystal when an a-c voltage is s 
plied to its input terminals. Since, like a dr 
vacuum tube, it conducts more current in 
direction than in the other, the crystal assem 
often is called a CRYSTAL DIODE. Not onl; 
the crystal almost as efficient as the vaci 
tube, but it requires no heater voltage anc 
entirely free of interference from the po 
supply frequency. It may be used in any of 
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diode limiter circuits previously described. 
The one illustrated in figure 4-6 is for use in 
limiting or clipping the positive cycle of the 
input waveform. 
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ily described. thus ^VMs^de to'conduct when- 

5 is for use in of El The diode J 2 is » negative value 
: cycle of the ever the input *_eactes ® ative half cycle to 

than nf U F, The circuit represents a simple 

the value of E2- The circuu i v aV e 

’TA1- 1 method of producing a safesfactory q 

/ V ' output with a sine-wave input voltage. 


-j- 

I 

i 


Figure 4-6.—Positive crystal limiters. 


AMPLIFIER TUBES AS LIMITERS 
Grid Limiting Action 

The grid-cathode circuit of atriode,tetrode, 
or pentode may be employed as a limiter 
circuit in exactly the same way as the plate - 


Double-Diode Limiting 

It is possible to limit both amplitude ex¬ 
tremities of an input waveform at any desirable 
level by placing two diodes in parallel in the 
limiter circuit. In figure 4-7, the diode Vl is 
made to conduct whenever the input voltage 
ejn reaches a higher positive value than Ei, 


in figures 4-3 and 4-4. By inserting a series 
grid resistor, as shown in figure 4-8, which is 
very large compared to the grid-to-cathode 
resistance when grid current flows, essentially 
the entire positive half cycle of the input 
voltage is limited to the voltage level of the 
cathode. For example, the grid-to-cathode re¬ 
sistance may drop from an infinite value, when 
the grid is negative with respect to the cathode 



Figure 4-7.—Double-diode limiter circuit. 



Figure 4-8.—Unbiased grid-limiter circuit. 
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to a value on the order of 1,000 ohms, when the 
grid attempts to become positive with respect 
to the cathode. If a 1-megohm resistor is 
placed in series with the grid, the drop across 
the 1,000-ohm R g k is negligible as compared 
to that which is developed across the 1-megohm 
resistor by the flow of grid current. 

The grid-limiter circuit shown in figure 4-8 
(A) is held normally at zero bias. During the 
positive portion of the input signal the grid 
attempts to swing positive. Grid current flows 
through the resistor R, developing an igR drop 
of such polarity as to oppose the positive input 
voltage. Since the full input voltage must appear 
as the sum of the drop across R and Rgk, the 
larger R is with respect to Rgk, the nearer the 
voltage on the grid is limited to that of the 
cathode. The i g R drop may be considered as an 
automatic bias developed during the part of the 
input which causes grid current to flow. 

Alternate circuits for limiting the positive 
peaks of the input voltage are shown in figures 
4-9 and 4-10. In figure 4-9 (A) the tube is biased 
by the negative potential E supplied to the grid, 
with the cathode returned to ground. No grid 
current flows until the input signal e^ n rises 
sufficiently to equal and effectively remove the 



(A) 


biasing voltage E. Any further rise of ei n drives 
the grid positive with respect to the cathode, 
and grid current flow limits the signal on the 
grid by virtue of the igR drop across R. 

Limiting with self-bias is shown in figure 
4-10 (A). Bias is developed between grid and 
cathode by the flow of plate current through the 
cathode resistance R^ which is bypassed by the 
large capacitor C^- The grid is held normally 
at ground potential and thus is negative with 
respect to the cathode. Any positive signal ein 
must drive the grid positive by an amount 
equal to the value of E before the biasing effect 
of Rk is removed. This is shown by eg wave¬ 
form in figure 4-10. A further rise of the input 
voltage produces grid current which results in 
the limiting of the voltage at the grid. The grid- 
to-cathode voltage e^K in figure 4-10 (B) il¬ 
lustrates the effect of R in preventing the grid 
from swinging appreciably above the cathode 
potential. 


Saturation Limiting 

Whenever a series-limiting resistor is used 
in the grid circuit, the grid cannot be driven 



Figure 4-9.—Grid limiter with cathode grounded and grid 
biased by negative voltage. 
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to an appreciable positive voltage and, despite 
the positive amplitude of the input voltage, the 
maximum plate current which flows is that 
determined by the plate supply Ebb and the 
resistance of the plate circuit at zero bias. 

Thus the minimum plate voltage is determined 
by the limiting action in the grid circuit. These 
pate-current and plate-voltage relationships 
are shown in figure 4-11. 





igure 4-n, __ E ££ ect grid on 

Plate current and plate voltage. 

Ut h^LSti^i itinS resistor m aybe omitted, 
high-noo/e*. gnal comes from a low-impedance 
circuit mo S ^ rCe ’ 311(1 limitin g in the plate 
Pkte-currfi^* k 6 rea ^ ized * T hiS is du © to 
to as satn saturation and is usually referred 
tion sh^ ti0n . limiting * p late-current satura- 
sahirattm, . not ^ conf used with emission 
since in tubes using oxide-coated 


cathodes there is no definite saturation value 
of emission current. 

By using a large value of plate-load re¬ 
sistance R L and a low plate-supply voltage Ehh, 
saturation limiting may be produced by a 
relatively low amplitude of positive grid voltage. 
In any case, however, the plate current can 
never exceed the value E bb /R L . In an actual 
circuit some small positive voltage must re¬ 
main on this plate to attract the electrons from 
the cathode, and the saturation plate current 
never quite equals E bb / R L . In other words, 
there remains across the tube a low voltage 
drop when the plate current is at saturation, 
since the plate -to-cathode resistance at satura¬ 
tion does not decrease to absolute zero. 

In figure 4-12 (A) the ip vs. ep characteristic 
of a triode is used to illustrate the effect of 
saturation limiting on the plate voltage. In (B) 
the input signal applied to the grid, which is 
normally at zero bias, is not of sufficient 
amplitude to drive the tube to cutoff on the 
negative swing but causes the plate current to 
saturate on the positive swing. The dotted ex¬ 
tension of the loadline describes the tube during 
the positive portion of the input cycle. The 
maximum plate current shown in (C) cannot 
exceed the value Ebb/RL no matter how high the 
amplitude of the positive grid signal, and is 
actually slightly less because of the low- 
saturation plate resistance which remains in 
series with the load. In (D) the maximum plate 
current defines the lowest value to which the 
plate voltage can fall. During the remaining 
portion of the input cycle, the grid controls the 
flow of plate current which in turn determines 
the shape of plate-voltage waveform. 

The results of saturation limiting are similar 
to those of grid limiting in that the negative- 
going portion of the plate voltage is affected. 
These are compared in figure 4-13. Saturation 
limiting has the advantage of producing an 
output wave of greater amplitude, but it has the 
disadvantage of requiring considerably more 
power to drive the grid. 


Cutoff Limiting 

Electron current through a vacuum tube can 
flow only from cathode to plate and not from 
plate to cathode. When the grid is driven to 
cutoff, the plate current is decreased to zero 
and remains at zero during the time the grid 
is below cutoff. Since no current flows through 
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Figure 4-12.—Tube characteristics (i p vs. e p ) illustrating 
saturation limiting. 


the plate circuit when the tube is cut off, there 
is no voltage developed across the load re¬ 
sistance, and the plate is maintained at the full 
value of the plate-supply voltage. Thus, a type o£ 
limiting is achieved in which the positive ex¬ 
treme of the plate waveform is flattened as a 
result of driving the grid beyond cutoff. 

The cutoff voltage may be defined as the 
negative voltage with respect to the cathode, to 
which the grid must be driven in order to pre¬ 
vent the flow of plate current. For any given 
type of tube this voltage level is a function of 
the plate-supply voltage and in the case of 
TRIODES maybe approximated by the expression 

E bb 


where E^b is the plate-supply voltage and n is 
the amplification factor of the tube. This relation 


is NOT valid in the cases of tetrodes ai 

pent0des * character* 


In figure 4-14 the ip vs. e p cnax 
of a triode is used to illustrate the 
effect caused by driving the grid of mi a p d 
beyond cutoff. The grid normally is blase 
minus 5 volts by the steady drop across 
(See (A) of fig. 4-14.) The value of E bb« 
that the cutoff potential E c0 is minus 
The maximum, amplitude of the input: vo 
4 volts; thus the grid voltage ((C) of 
swings in a positive direction from “ un , 
volts to minus 1 volt and in a negative dire 
from minus 5 volts to minus 9 volts. Dur g 
time that the grid voltage remains c i 

the plate current remains at zero and the p 
voltage is held at the level of Ebb* 


A combination of grid limiting and c 
limiting may be employed in an amplifier c 
cuit to produce a square wave from a sine wa 
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SATURATION- 

e p limiting 


GRID- 

LIMITING 


, . Flgrure 4 " 16 illustrates the grid-voltage, 
plate-current, and plate-voltage relationships as 
determined by the i p vs. e p characteristics and 
the circuit constants of the overdriven amplifier. 

TYPICAL APPLICATION OF LIMITERS 
The Squarer and Peaker Circuit 

The squarer and peaker circuit uses the 
principles discussed in the preceding limiter 
circuits. Each part of this circuit is used in 
several electronic circuits, and the entire cir¬ 
cuit is used in some radar sets. 

Notice the simple squarer and peaker cir¬ 
cuit in (A) of figure 4-17. The first tube is an 
overdriven amplifier which squares the input 
sine waveshape and amplifies it according to 
principles of triode limiting. The 0.002-uf 
capacitor and 500-K resistor form a short 
time-constant combination which peaks the 
square wave. The grid of the second triode is 
biased so that only a positive or negative 
amplified peak appears in the output. Because of 
this limiting action, it is called a limiter or 
clipper stage. 


Figure 4-13. -Comparison of grid and 
saturation limiting. 


mi vnlh^i 4 " 15 '^ The am Plitude of the inpu 
w®? iS . ®^ icientl y Ugh to hold the grh 

tai tivp Q^ CUt ° f l f0r the ^ eater P art of the nega 
swing The grid resistor R is on the orde; 

j sentiau 6 ^ 0 ^ 111 ^ im it s the grid voltage es- 
^ y to zero during the positive swing. 

S' 

l{ TIle Overdriven Amplifier 

5 LHDTmr Pl f ier circuit in which SATURATION 
\ CUTOFF t mT^ mpl ° yed in conjunction with 
! CfrL fl 1 ™ 0 *° Pr0dUC6 a recta ngular 
i an OVFRrmrfrl? 6 Wave ls generally known as 
i chcTf RIVEN AMPLIFIER. The driving 
I relativpiv 1 ! SUch 311 amplifier should have a 
°f d e i ; V J . ow " out Put impedance and be capable 
is drnum r i ng :, power since considerable current 
1 The value % tI ? e positive swi ng of the grid. 

1 large ac °* A he load resi stor Rt is made as 
1 available practical I° r the plate-voltage supply 


Circuit Analysis 

In analyzing the peaker circuit, first inspect 
the circuit diagram. The first stage is a triode 
which looks like an amplifier stage except that it 
is not biased. However, there is a 1-megohm 
grid-limiting resistor in its grid circuit. This 
stage applies its output through capacitive 
coupling to the second triode, a stage which 
uses a 100-K load resistor and fixed bias of 50 
volts. Bias in this stage is provided by a 250-K 
and 50-K voltage divider across the positive 
300-volt supply. 

Now consider the operation of the peaker. 
As the input voltage goes from zero to a positive 
voltage, the grid of the first triode is made 
positive with respect to its cathode. Immediately, 
grid current flows through the cathode-to-grid 
resistance of the tube and the 1-megohm re¬ 
sistor. The internal resistance of the cathode- 
to-grid path is less than a thousand ohms; 
therefore, the voltage developed by grid current 
divides at a ratio of 1,000 to 1 across the tube 
and the plate-load resistor. At the positive peak 
of the input voltage peak (163 volts), the grid 
voltage is about a tenth of a volt. The grid 
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NO SIGNAL BIAS 



Figure 4-16.—Formation of a square wave by saturation and 

cutoff limiting. 


Sh ,° W ? this volta S e as a flat line ; 

voltip fh 6 ;, (The dotted line is the a PPl“ 
The DlaV? 6 S i? Ud line is the actual grid voltage 

timeV ra V thpr g f ° f ^ fiFSt tri0de during thi 

isunlimif . l0W Realise the plate currei 
S Z J by ! he grid - To determine its exac 
curves at. a loadline on the characteristi 
®um currpnf°K 0 ^ : FirSt ’ calculate the maxi 
vol£ the plate su PP J y of 30 

maxi m ,L th l0ad resi stance of 50K. Thus, th 
2™? C Z TGnt is 30 °/50K, or 6 ma. Draw 

current ^ ^ CUrVGS fr0m the 30 °- volt zer ' 

voltage P ° ir l t ° n the b °ttom to the 6 ma. zer. 

is th?loaSSle al0ng ^ CUrrent scale * This lin ' 

***? f USe ^ the loadl ine is to find the 
section nfS/° r zero ^rid voltage. At the inter- 
loadline h G j Gro S ri d-voltage curve and the 
at the hnHr, P C !2 wn to the P la te-voltage scale 
voltage ifl „ ’ T he point shows that the plate 

01 applied vnlt a V ^ ltS *’u ^i”®- the Positive swing 
age, the grid actually goes slightly 


positive. This is shown by the exaggerated 
curve of the plate-voltage change which is shown 
at (E) of the figure. At the start of the half cycle, 
the curve is at 55 volts, but drops below that 
slightly as the grid goes slightly positive, then 
returns to 55 volts at the end of the half cycle. 

Next, consider the input voltage during the 
negative half cycle. First, however, remember 
that the grid does not draw current when it is 
negative. Therefore, when no current flows 
through the 1-megohm resistor, there will be 
no voltage drop across it. Thus, the full input 
voltage will appear at the grid during the entire 
negative half cycle as it is shown in the grid- 
voltage curve at (D). On glancing at the loadline, 
notice that it crosses the zero cur rent axis at the 
end of the minus 17-volt grid curve. Thus, when 
the grid voltage reaches minus 17 volts, the 
plate current will have decreased to zero. The 
grid curves show that this value is reached very 
quickly during the negative half cycle. The grid 
voltage continues to swing with the applied 
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(A) 



(B) 


CC) 




SKONO 6SN7 




Figure 4-17. —Squarer and peaker circuit. 


voltage through minus 163 and back to zero. 
All this time the grid voltage is more than 17 
volts negative, and the plate current remains at 
zero. As the grid voltage starts to become 
negative, the decrease of current through the 
50-K load resistor causes the plate voltage to 
increase toward the 300-volt supply voltage. 
The change is very rapid because the grid 
voltage crosses the cutoff value in less than 
1/100 of the cycle. Therefore, the plate voltage 
rises to plus 300 volts during the entire time the 
grid voltage is below the cutoff value on the 
curve. As it comes above cutoff, the plate 
voltage again drops to 55 volts. And again, the 
grid-voltage change from minus 17 to zero is 
very steep, and accordingly the plate-voltage 
change is exceedingly fast. The long period of 


time that the grid is below cutoff and the rap 
changes cause a square wave to be develope 
the plate of the first triode. is 

The square-wave output of the fir st stage 
applied to an RC circuit consisting of 
0.002- M f. capacitor and 500-K resistor m tne 
grid of the second tube. The voltage acr0S ®, 
resistor becomes the grid voltage. At the st 
of the first half cycle the square wave is nega¬ 
tive. Since the capacitor is initially uncharge : 
the application of this negative-going voltagej 
it immediately causes current to flow throug 
the RC circuit. With no drop across the un¬ 
charged capacitor, the full voltage a PP e ' 
across the resistor. The third curve at \ / 
labeled e g 2, shows the entire voltage chang 
occurring at the second grid.- 
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Suppose for the moment you examine the 
conditions in the second tube when this grid 
voltage is applied to it. The cathode is 50 
volts positive with respect to ground. The actual 

P ^ e J° ltage is 300 minus the 50 volts on the 
cathode, or 250 volts. Notice the loadline on 
the lower set of characteristic curves. This 
line is drawn from the 250-volt supply-voltage 
zero current point to the 250/100K, or 2.5 ma. 
vo , 1 . ta f e P oint - °n referring to this line, 
the plate current becomes zero 
hen the grid voltage is minus 15 volts. With 
50 volts bias on this tube, there will be no 
current until more than plus 35 volts is applied 
w e 1f grid ' Therefore, the negative swing of 
245 voits applied to the grid will not change the 

S thiTwf fl *K m itS Zer ° value * But also note 
nnHH K hape is not like the square wave 
ffttT 86 * 6 RC time constant is short! 
0? 0 00813 6 l V ° ltage iS a PP lied is V120 

xo?! K ^ WhUe the RC is °-002 at. 

8 , ° r °-° 01 second > a rati0 of a hout 

and ^ ° ther words the capacitor is small 

pora^ Tft charged during the vei *y first 

charged fh tbe SqUare wave * As lt becomes 
bewmes ^ CUrrent through the 500-K resistor 
constanf 1 n « ^ lower untn after 5 time 
resistor 8 ° r u 0 * 005 second > it drops to zero. The 
cr lfZ ?*»*** hi step with this de- 
pSlvT rent 80 the volta ^ e drops ex¬ 
zero for the V er £* The grid volta ? e stays at 
the reversal „^ ation of the half cycle or until 
At «, Sal ? the square wave occurs. 

at the first* t °/ ? e first ha ll cycle the voltage 
changes 245 volts in the 
appeal™Again this change immediately 
Cer,^ 88 ^ re sistor. Nothing happens! 

Then cuir^t L^! V .° ltage reach es 35 volts, 
voltaee inn starts to flow in the tube. As the 

actual CTid tn SeS *i r ° m 35 VOltS t0 50 volts ’ the 
t«be risL t Cath0de volta Se at the second 
the plate «/ r0D i minus 15 volts to zero. Now 
can he ev av f ska pe at (G) for this second tube 
half cvcie^? ln ! d l V'ning the entire previous 
TOlta™ P ’ :f h * e was at cutoff and the plate 
current is fim^ Gd at plus 200 volt s. But now 
value of niatp u’ and the voltage drops to that 
value can h*A° ltage for zer o grid voltage. This 
Find the i n + Q 8 erai l ned again from the loadline. 

toe with the lo!^ 011 ° f * he zer0 871(1 voltage 
the Plate-v^H and Proceed downward to 

this curve ThP scale * xt reads 45 volts in 
asinuch , ml £ht seem inconsistent in¬ 

jure 4»i 7 P la te-voltage curve in (C) of 
dicates that the plate voltage is 


95 volts. But remember that the voltage is 

1 With res P ect to ground. The re - 
f ®; th ®. 45 volt® across the tube must be added 
to the bias voltage to obtain the total voltage 
P lat ® t0 ^rouud. Now return to the second 
square wa ve gets above 50 volts, 
the grid becomes positive and starts to draw 
current So you see that the positive-going volt¬ 
age on the second grid levels off at zero. Only 

94^ maU i* Part ° f the remai ning voltage rise of 
245 volts ever appears across the grid to 
cathode. This is due to the fact that the grid 

S through the 0-002-^f. capacitor 

d !50 -K load resistor, and this combination 
of the 50-K resistor and the high reactance of 
the smaH capacitor acts as a grid limiter to 
divide the total voltage. The small grid-to- 
cathode resistance of about 500 ohms will have 
a very small voltage drop across it. The 500-K 
resistor is still in the circuit but so much of 
C c ^ reat fl °ws through the grid itself that 
the 500-K resistor can be practically dis¬ 
regarded during this time. The low resistance 
and small capacitor form a very short RC 
circuit, so the capacitor will be charged quickly. 
The voltage at the grid then drops back to zero 
with respect to ground which is 50 volts negative 
with respect to the cathode. So the triode con¬ 
ducts only during the brief period of time that 
the grid is above cutoff. The plate voltage stays 
at plus 300 volts most of the time. A negative 
pulse is thus generated for each cycle of the 
original input sine wave. Its amplitude is 300 
minus 95 or 205 volts. 

When the switch in this circuit is closed, the 
circuit will generate a positive pulse for each 
cycle of the sinewave input. As shown in figure 
4-18, when the* switch is closed in the actual 
circuit, it shorts out the 50-K bias resistor 
and its parallel capacitor, and connects the 300-K 
resistor to ground. These three circuit ele¬ 
ments become ineffective and an equivalent 
circuit may be drawn by omitting these ele¬ 
ments. Now there is no bias on the second 
triode, and the full 300-volt supply voltage 
appears across the tube and its load resistor. 

To evaluate the current and voltages, it is 
necessary to draw a new loadline as shown in 
the characteristic curves. This line extends 
from the 300-volt zero current point at the 
bottom to the 300/100K or the 3 ma. zero 
voltage point at the side. With no bias, the grid 
voltage is zero, and the plate voltage under this 
condition is 40 volts. 
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Figure 4-18. Squarer and peaker with switch closed to form negative peak. 


On the negative half cycles the square wave 
will be peaked in the same manner as before. 
But on the positive peaks, grjd current flow 
occurs at zero instead of the plus 50 volts as 
before. Similarly, as in the previous case, the 
high impedance circuit of the 0.002- ^f. capacitor 
and 50-K load resistor prevents the grid from 
getting more than a fraction of a volt positive 
during positive half cycle. 

The grid remains at zero value except when 
the input voltage is negative-going. Therefore, 
at zero grid voltage the plate current being high, 
the plate voltage which varies inversely with the 
plate current remains at a constant value of 
40 volts. At the close of the first half cycle, 
the voltage is negative-going. Here the grid 
voltage changes rapidly from zero to the cutoff 


value, and the plate voltage rises sharply 
40 volts to plus 300 volts. The grid vo 
becomes negative by 245 volts, andtheresul 
plate voltage levels off at the supply- 7 ® 
level of 300 volts. However, the rapid cm 
of the 0.002-/if. capacitor causes the 
voltage to rise immediately to the cutoff v 
and beyond. As the grid voltage continues to 
to zero, the plate voltage drops backto40 v 
If you study the plate-voltage waveshape, 
notice the fairly constant low plate voltage 
positive peaks with each cycle of input vol 
The positive peak voltage at the second 
only raises the grid a fraction of a volt a 

zero, thus causing the plate voltage to dip sli 

at each of these points. Thus, with this ci 
it is possible to obtain either positive or i 
tive peaked pulses by the flip of the switch 
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Direct-Current Restorers or Clampers 


A circuit which holds either amplitude ex¬ 
treme, of a waveform to a given reference level 
of potential is called a CLAMPING CIRCUIT. 
The terms D-C RESTORER and BASELINE 
STABILIZER also are commonly used. Such 
circuits are divided roughly into two classifi¬ 
cations. The first, DIODE AND GRID CLAMP¬ 
ING, clamps EITHER amplitude extreme and 
allows the waveform to extend in only one 
direction from the reference potential. The 
second, SYNCHRONIZED CLAMPING, main¬ 
tains the output potential at a fixed level until a 
synchronizing pulse is applied, at which time 
the output potential is allowed to follow the 
input. At the end of the synchronizing pulse the 
output voltage is returned immediately to the 
reference level. 


To demonstrate the utility of clamping cir¬ 
cuits, a brief review of the action of coupling 
networks is useful. In coupling between stages 
electronic circuits a coupling capacitor al¬ 
most always must be used to keep the high 
positive d-c plate potential of the first tube 
iso ated from the grid of the second tube. It is 
desirable that only the VARYING component of 
ine plate potential be transmitted to the grid 
^ a signal varying above and below some fixed 
,f® rence level - K the lower end of the grid- 
ahm res ^ tor is grounded, the signal varies 
e and below ground. If a biasing potential 

vari empl u yed ’ the si ^ nal applied to the grid 
4ries above and below this d-c bias voltage. 

d . £| aSS A operation, the latter condition is 
cent# 7116 biasin ? potential is adjusted to the 
f e f- ?'. * be °i ass A range and the varying 
en lal is kept within the limits of this range. 
of . the g rid swing is fixed, and the 
var i a ii° n °f the grid voltage directly 
ec s the amplitude of the plate-voltage swing, 
s is exactly the condition desired in class A 
operation (fig. 4-19 (A)). 



Figure 4-19.—Grid voltage variation with 
s pect to definite reference potential. 


In other circuits, however, the waveform 
swing must be entirely above or entirely below 
the reference voltage, instead of alternating on 
both sides of it. (fig. 4-19 (B) and (C)). For 
these applications a clamping circuit is used to 
hold either the positive extreme or the negative 
extreme of the waveform to the desired level. 

The output of an ordinary RC coupling net¬ 
work is alternating in character, swinging about 
the average voltage level of the applied wave¬ 
form. After the coupling capacitor charges to 
the average applied voltage, any decrease in 
applied voltage causes the output voltage of the 
RC network to swing negative. Any increase 
above the average causes the output voltage to 
swing positive. Now if the capacitor can be made 
to charge, say to the MINIMUM applied voltage 
and no more, any swing has to be in the positive 
direction. The output voltage varies between 
zero and some positive value, depending on the 
amplitude of the input signal. If, on the other 
hand, the capacitor can be made to charge to 
the MAXIMUM applied voltage and remain 
charged to that level, any swing necessarily is 
in the negative direction. The output voltage 
varies between zero and some negative value, 
depending on the amplitude of the input signal. 
In the first case the bottom of the output wave¬ 
form is clamped to zero (fig. 4-19 (B)), and in 
the second case the top of the output waveform 
is clamped to zero (fig. 4-19 (C)). 


POSITIVE AND NEGATIVE DIODE CLAMPERS 

The simplest type of clamping circuit utilizes 
a diode in conjunction with the ordinary RC 
coupling circuit. Consider the case in which 
the capacitor voltage is maintained at the 
minimum applied voltage (fig. 4-20). In order 
to understand the action of this circuit, the 
following significant point should be kept in 
mind: If the cathode of a diode is made negative 
with respect to the plate, or the plate positive 
with respect to the cathode, electrons flow from 
cathode to plate and the tube constitutes a low 
resistance. On the other hand, if the cathode is 
made positive with respect to the plate or the 
plate negative with respect to the cathode, no 
current flows and the tube may be considered an 
open circuit. 
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Figure 4-20.—Positive clamping 
circuit. 

The plate-voltage variation of a circuit 
producing a square-wave output (fig. 4-21) is 
typical of the kind of input applied to the 
clamping circuit Of figure 4-20. In this clamping 
circuit, capacitor C charges gradually through 
the high resistance R. After a period of time, 
depending on the RC time constant, the charge 
on the capacitor reaches 50 volts, the base of 
the input waveform. The problem is to maintain 
the charge at this value in spite of the tendency 
of the capacitor to charge to a higher level 
when the applied voltage goes to plus 150 volts. 

Assuming that a steady voltage equal in 
magnitude to that at point A in figure 4-21 has 
been applied for some time, the capacitor in 
figure 4-20 may be considered as being charged 
to 50 volts. During the time between A and B 
the charge on the capacitor is equal to the ap¬ 
plied voltage and no current flows. Then at point 
B the applied potential suddenly increases to plus 
150 volts. Since it is impossible for the charge 
on the capacitor to change instantaneously, the 
difference between the plus 150 volts applied 
and the 50 volts across the capacitor must 
appear across R. The difference Of 100 volts 
becomes the output voltage. Note that ep is 
the output voltage. 
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Figure 4-21.—Typical plate voltage 
applied to clamping circuit. 


The fact that a voltage appears across R f , 
(fig. 4-20) indicates that a current is flowing 
through it. This current flow adds to the charge 
on C. Ordinarily the RC time constant wouldbe » 
very long and the actual charge added to C f o_ 
would be extremely small. For simplicity, 
assume that the 150-volt potential is applied 
for a time equal to 1/10 RC or from point C to f 
point D. Since the cathode of the diode is posi- 
tive with respect to the anode, the tube is in 
effect an open circuit and R is a high resistance. 
During a time equal to 1/10 RC the charge on 
the capacitor increases exponentially by ^ 
percent of 100 volts, or 10 volts, making the f 
total charge 60 volts. During the same time the 
drop across the resistor decreases exponential y \ 
by 10 volts to a value of 90 volts, leaving me ^ 

sum of e r and e c still equal to the applied ^ 

potential of 150 volts. 

Now at point D, the applied voltage suddenly 
drops back to 50 volts, but the capacitor is 
charged to 60 volts. This would leave an output 
voltage across R of 10 volts negative ^ 

respect to ground—a condition it is hope 4 

avoid. In order for the output to return to zer 
very quickly, the capacitor must discharge e 
extra 10 volts through a very short RC path. 

In figure 4-20 the cathode of the diode is ^ 
connected to the high side of R and the pla e i 
grounded. Any output voltage which is nega \ 
with respect to ground makes the cathode neg - ^ 
tive with respect to the plate. In this state ^ 
diode conducts and becomes, in effect, a ve y - 
low-resistance discharge path for the capaci ° ^ 

until the charge is again equal to the app L 
voltage and the output voltage returns to zer- ^ 
These conditions are illustrated in figure 4- • ^ 

To illustrate the operation of the P 0Slti ^” ; 
clamping circuit further, it is assumed tha 
waveform shown in figure 4-23 is applied to 
clamping circuit of figure 4-20. Since at pom 
the input voltage is zero, the output voltage i 
zero and remains so until point B is reacne • 

At this time the input voltage drops sudde y 
to minus 100 volts at point C. Since the capaci¬ 
tor cannot change its charge instantaneous y> | 
the output voltage across R also drops sudde ' 
to minus 100 volts. Since the cathode of 
diode is 100 volts negative with respect to 
plate, the tube conducts heavily, charging 
capacitor very rapidly through a short RC un 
the capacitor voltage becomes equal to 
applied voltage. At this time the output voltag 
has returned to zero and the diode become 
nonconducting. As long as the input remains a 
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Figure 4-22.—Waveforms e c and e r of 
diode-clamping circuit with grounded 
plate for input signal ei n . 


minus 100 volts, from point C to point D, the 
output voltage remains at zero potential. 

At point D, the input voltage changes back to 
zero, a rise of 100 volts in the positive direction 
(minus 100 to 0). This rise produces a rise of 
100 volts (0 to plus 100) across R, as the 
capacitor again cannot change its charge in¬ 
stantaneously. The capacitor must now dis¬ 
charge very slowly as the diode is nonconducting 
J nd high-resistance path through R must 
be utilized. 



Figure 4-23.—Typical voltage applied to 
diode-clamping circuit. 


Assuming again a time for discharge from 
Points E to F of 1/10 RC, the voltage across 
? e ca Pacitor at F, and thus the output voltage, 
e creases to 90 volts, since the input is zero. 


At point F the input signal again drops to minus 
100 volts. Instantaneously the output across R 
goes to minus 10 volts (input minus ec). The 
diode conducts quickly, returning the charge on 
the capacitor to 100 volts and the output to zero. 
These results are shown in figure 4-24. Note 
that no portion of the waveform is lost after the 
first cycle. The function of the clamping circuit 
is merely to shift the reference voltage from 
the top of the waveform to the bottom. 



Figure 4-24.—Output waveform of diode¬ 
clamping circuit with grounded plate and 
input signal as shown in figure 4-23. 


Figure 4-25 illustrates a diode-clamping 
circuit capable of causing the output waveform 
to vary between some negative value and the 
zero reference voltage. The only difference 
between this circuit and the one shown in figure 
4-20 is in the manner in which the diode is 
connected. In this case the plate is connected 
to the output terminal while the cathode is 


c 



Figure 4-25.-Negative-clamping 
circuit. 


grounded. 

conducts 


Therefore in this condition the tube 
whenever the plate rises above ground. 
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The input signal (fig. 4-21) is now applied 
to this negative-clamping circuit. When the input 
is at point A, the plate of the diode becomes 
positive'and the capacitor quickly charges up to 
plus 50 volts through the short RC path. When 
this occurs the output voltage drops to zero. 
Then at point B the input voltage suddenly 
rises 100 volts (from plus 50 volts to plus 
150 volts). Since the capacitor charge cannot 
change instantaneously, the 100-volt change 
appears across R, sending the plate of the diode 
to plus 100 volts with respect to the cathode. 
The capacitor again is presented with a short 
RC charging path and charges very rapidly, 
bringing the output voltage back to zero quickly. 
At point D the input signal suddenly drops 100 
volts, but capacitor C is charged to 150 volts 
and cannot change instantaneously. The 100- 
volt drop therefore appears across R, sending 
the output from zero to minus 100 volts. The 
input voltage drops from plus 150 volts to plus 
50 volts and the output drops from 0 volts to 
minus 100 volts. During the time from E to F 
the capacitor can be ejected to discharge a 
small amount through the high-resistance path 
of R. At point G this slight loss of charge is 
replaced quickly as the plate of the diode goes 
positive momentarily. The output signal is 
shown in figure 4-26. 


as well as in a diode. Any element of a vacuum 
tube, if made positive with respect to the 
cathode, attracts electrons from it. On the other 
hand, any element made negative with respect 
to the cathode repels electrons and has no 
current flow. Thus the grid of a tube connected 
as shown in figure 4- 27, acts as the plate of a 
diode and produces the same clamping action as 
the circuit of figure 4-25. Any tendency for the 
grid to go positive causes grid current to flow, 
charging capacitor C to the applied potential. 



Figure 4-27.-Grid-clamping 
circuit. 
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Figure 4-26.—Output waveform of diode¬ 
clamping circuit with grounded cathode 
and input signal as shown in figure 4-21. 

In the practical circuit the size of the re¬ 
sistance R is great enough to make negligible 
the amount of distortion of the output caused by 
the slight charging of the capacitor. 

Grid Clamping 

The function of clamping may be performed 
at the grid of an ordinary triode or pentode 


Clamping Above or Below Ground Potential 

Although circuits previously discussed 
clamped one extreme of the input signal to zero 
potential, actual circuits need not be limited to 
this one reference potential. Figure 4-28 il¬ 
lustrates the means of clamping the upper ex¬ 
treme of an input signal to minus 10 volts with 
respect to ground. The same principle may he 
applied to clamp either voltage extreme to any 
reference potential. 


S' 

fi 

* 


to 

* 



Figure 4-28. —Clamping circuit which 
establishes reference potential of 
minus 10 volts. 
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Figure 4-29. —Synchronized clamping 
circuit. 


bringing the voltage at the grid of V 3 back to 
normal. As long as Vj and V 2 conduct, the voH Je 

y* V3 > 411118 4,16 Plate currents 

y 3 , are held constant by the voltage-divider 
action of Vi and V 2 . Vi is the vXiable re- 
s^tance which controls the fraction of the 
B-plus voltage that appears across V 2 . 

The synchronizing pulse is applied as a 

Vo g hp Ve r Ct fT llar ^ ich drives vi and 
V 2 beyond cutoff for the desired length of time 

With tubes Vi and V 2 cut off, the grid of V*? is 

eft t0 follow a °y changes in input-voltage 

» C f acit0r C 1 has n « Path through 
which to discharge except by way of the very 

hrf nce 0f 1116 insulat *ng material used 
for tube bases and sockets. Thus the voltage at 

he grid of V 3 follows exactly the input voltage. 
At the end of the synchronizing pulse Vi and 
V 2 agam conduct, returning the voltage at the 
grid of V 3 quickly back to the reference potential. 


SYNCHRONIZED CLAMPING 


application of clamping circuits 


to4re°4 e 29 e TWs 6 ° lamplng CirCU “ is showl 

on Th arran g®ment keeps thebiai 

the!Z^*,l xcep ‘ for 4116 41me durln S whicl 

cntofl^v f “»■ V1 and y 2 ai -e held beyonc 
period of . 8ynchr0ni zing pulse. During the 

mayte 00S i0n ° f Vl and V2 > 01686 4111168 
network for th aS par ‘ of a vol4a S a -divider 
volte on ^h tte ?“ rpo8e of Pacing a definite 
Is slinhtlv 6 gFld ° 4 V3 ‘ Actua lly the circuit 

voltage uivir2° re c , om P licat6d than the simple 
^ mder explanation would imply. 

ferid-tSShtdp 9 / w hUe V2 is °P eratin S at zero 
therefore ^ ■ bias and ma y be considered 
the dron 1 a Simple resistor, Vi is biased by 
cathode^of v?f S V2 * The reason is that the 

of V? and rt, 1 iS conne cted directly to the plate 
grid of V, grid of y l is tied directly to the 
to the cath turn is c °nnected effectively 

Potential is appU^?* S0l0ngasn0 synchronizing 

at^gHd **** S ° me reason ^ potential 
the grid nf « V3 tries to rise - The voltage at 
identical Thlo and ^ volta S e across V 2 are 
results in a rise 111 the grid voltage of V3 
makes it a i? C 5 ease 1x11116 bias on v l> which 
bringing bl f her resistance than before, 

normal, in uv /oltage at the plate of V 2 back to 
at the g rid “anncr a decrease in the voltage 
of Vi whink . V 3 means a decrease in the bias 
’ lch decreases the resistance of Vj, 


In equipment employing cathode-ray tubes 
clamping usually is encountered in the sweep’ 
circuits. If the sweep voltages do not always 
start from the same reference point, the trace 
itself does not begin at the same point on the 
screen each time the cycle is repeated, and is 
therefore jittery or erratic. If a clamping 
circuit is placed in the grid circuit of the final 
sweep amplifier, the voltage from which the 
sweep signal starts can be regulated by ad¬ 
justing the d-c voltage applied to the clamping 
circuit. An arrangement such as that shown in 
figure 4-28 insures, in the case of a negative- 
going sweep voltage, that the waveform applied 
to the deflection plate varies in a negative 
direction from the d-c voltage level applied to 
the cathode of the diode. 

A typical radar PPI (Plan Position Indicator) 
deflection amplifier that uses the synchronized 
clamping circuit just discussed is shown in 
figure 4-30. The equipment makes use of four 
deflection amplifiers (two vertical and two 
horizontal). A dual triode clamping tube is 
used with each deflection amplifier. Figure 4-30 
shows only one clamping and one deflection 
amplifier. The other three circuits are identical 
with this one. Notice in figure 4-30 how the 
cathode resistor of the clamping tube V209A is 
now a variable resistor R253. The resistor is 
used to center the start of the PPI sweep 
vertically. A similar adjustment for horizontal 


105 


Digitized by LjOoq le 












Ht 
s chai 
M 
ik 
tfl 
¥C 
a is i 
ini-3 

jal t; 

(ft? 

aits 

aily, 

list 

jisre 

Juts 


centering is contained in the horizontal clamping 
circuits. 

An application of these clamping circuits 
may be found in radar equipment where GROUND 
STABILIZATION is added to the system. Ground 
stabilization is used for the purpose of causing 
the start of the PPI sweep to be displaced. This 
displacement is governed by the speed and 
direction of the aircraft containing this radar 


equipment. One result of this action isi that 
ground targets will remain in a fixe P 
on the scope. Secondly, all targe s 
moving, such as ships or aircraft, 
across the scope in their true directionandaj 
their true speed. This displacement of the s 
of the sweep is accomplished by var J i 5 hi 
bias on the clamping tubes. The WjJjJ 
is derived from the auxiliary ground stabil 

tion equipment. 


Time Base 

A time base generator circuit is a circuit 
that generates the voltage which causes the spot 
to move across the CRT screen at a constant 
rate. The distance along the trace formed by 
the moving spot is the basis of establishing 
time intervals. When recurrent voltage changes 
are superimposed on the trace, it is possible 
to measure both time and frequency of a radio 
signal, and in radar to measure the distance of 
targets. Commercial test oscillographs employ 
a thyratron tube in the time base generator 
circuit because of the simple way in which the 
frequency can be changed. In radar sets the time 
base generator circuit usually employs a high- 
vacuum tube. 

REVIEW OF THE THYRATRON SWEEP 
GENERATOR 

The movement of the spot in a CRT may be 
caused either by a voltage change on the de- 


Generators 

flection plates or by a current change to 
deflection coils. The chief requiremen 
the voltage (or current) must change 

with time. Mrruitfl 

Although both the R-C and L-R „ g 
consume time during a voltage change, 
circuit is the one usually preferred as a 
of generating a changing voltage. As pre 
mentioned, an R-C circuit contains a 
resistor, and a capacitor. When these par ‘ 
connected and a d-c voltage applied, thee p 
tor will start to charge; but since the re 
limits the current, the charge will n . 

instantaneous, but at a rate which is e3Q>one 

The charging curve is quite linear in the 
beginning, and the capacitor charging P r 
is usually stopped before the slope 0 r 
charging curve changes appreciably. Af e ^ 
charging stops, the capacitor discharges, 
the events just described repeat and the cap 
tor recharges. 
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Most time base generators use this very 
same charging and discharging process. Any 
circuit differences that exist result largely 
from the methods employed for high-speed 
switching of the capacitor from charge to dis¬ 
charge. One device used for this switching 
action is the vacuum tube. The circuit in (A) of 
figure 4-31 shows a gas triode or thyratron, a 
special type of electron tube, employed for 
providing the necessary switching operation 
since this tube has certain special charac¬ 
teristics which make switching occur auto¬ 
matically. In the circuit the tube is in parallel 
with the capacitor. When the circuit is turned 
on, there is no charge on the capacitor and the 
tube acts like an open circuit due to the negative 
cutoff voltage on the control electrode, or grid. 


The capacitor charges along the first curve 
in (D) of figure 4-31. As the voltage increases, 
a potential is reached where the volt¬ 
age across the tube is too high for the con¬ 
trol electrode to keep the tube cut off and a 
small plate current starts to flow. This plate 
current ionizes the gas in the tube, and be¬ 
fore the voltage can increase any further a 
sudden high plate current flows. The plate 
voltage for the tube is provided by the charged 
capacitor. Forcing a current through the 
tube causes discharge of the capacitor. Be¬ 
low a certain potential, the tube does not 
remain ionized, and when the capacitor is 
discharged down to this potential, the gas 
in the tube de-ionizes, and the grid regains 
control of plate current. 
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At this point it becomes an open circuit 
again and permits the capacitor to recharge. 
For further study refer to the equivalent cir¬ 
cuits; the charge of the capacitor in (B) of 
figure 4-31 and the circuit during discharge 

^The curve for several charges and discharges 
in (D) of figure 4-31 shows that the voltage 
increases to the ionizing potential Ei a or Eft, 
and then drops very abruptly to Ed which is the 
de-ionizing potential. The slow rise is due to 
the size of R and C. The rapid drop in voltage 
forms an R-C curve, but the resistance of the 
ionized tube is so small that the capacitor is 
discharged almost immediately, causing the 
curve to be practically vertical. The voltage at 
which ionization occurs depends on the amount 
of voltage on the grid of the thyratron. If the 
grid is made less negative, a lower plate 
voltage will cause ionization. When ionization 
occurs earlier the amplitude of the waveshape 
may decrease on one hand, but on the other, 
since the discharge time is the same, the wave 
will repeat more often, that is, its frequency 
will become higher. Another result is that the 
charging curve is much more linear, that is, its 
slope is more constant. 

Two facts of interest concerning thyratrons 
are that the de-ionization potential depends 
entirely on the gas pressure within the thyratron 
envelope and that de-ionization always occurs 
at the same potential regardless of the grid 
voltage or the applied plate potential. For 
example, the 884 tube, one customarily used in 
time base generator circuits, de-ionizes at 
about 20 volts. 

The circuit which was described is called a 
free-running circuit; that is, so long as a d-c 
potential is applied, it continues to generate 
one time base after another. There are other 
circuits which are discussed later that must be 
driven. These generate only one time base and 
then wait for the driving voltage to start the 
charging process which generates the next 
time base. 


acquainted with these factors note figure 4-32 
which shows a practical thyratron sweep- 
generator circuit. The applied voltage is 250 
volts. The 50-K resistor in the plate circuit 
provides a minimum resistance in senes mtii 
the tube. The 10-K resistor in the grid circuit 
limits the grid current to a safe vaiue To show 
how the operating frequency may be determined 
the following explanation is given. In ^ ex¬ 
planation it is assumed that the bias is set at 
minus 8 volts and the variable P^^ad 
sistor is set at 316K, as shown in figure 4-^ 
The curve in (B) shows the relation ° f ^ e 
potential to the grid bias. Thus, when g 
voltage is minus 8 volts, the tube ionizes when 
the plate-to-cathode voltage reaches 75 vol . 
Using this information, you can plot a cha gag 
curve like that shown in (C). This shows tta 

during the first cycle the capacitor voltage 

starts from zero, but on the secon 
ceeding cycles it always starts charging 
20 volts, the de-ionization potential. At75vdtt, 

the thyratron ionizes, stopping the capacitor 

charge. With 230 volts applied, ^ er ® f ° r ^J ed 
cycle has a duration equal to the time r_ (pu 
to charge the capacitor from 20 to 75 volts, 

or 55 volts. 

To determine what fraction of full 
represented by 55 volts, use the # 

constant chart curve (fig. 4-32 P)).F ^ 
you learn that this value is 5 5/23 > r ent 
Therefore the capacitor is charged 23, p ^ 
before ionization. Using curve A in a 
time constant chart curve, find 0.2 ^ 

charge, then move across to the cui*> . 

down to 0.26 time constants. One time con^an 

is RC, or 366K x 0.01, or °*°°? 66 ® e is 
Therefore, the time required for the cn<u& 
0.26 x 0.00366, or 0.000952 second. Since ^ 
quency is the reciprocal of the time 
cycle, F = 1/0.000952, or 1,050 c.p.s. 

To calculate frequency directly, use the 
following equations: 


tijk 


Determination of Operating Frequency 

To calculate the frequency of oscillation of 
a thyratron sweep generator there are a number 
of factors that you must know. To become 


F = 


Ebb - E d 
2.302RC log 10 eS’T'eT 
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Figure 4-32.-Practical thyratron sweep-generator circuit. 


Where, 

F = Frequency in cycles per second. 
2.302 = Logarithm conversion constant. 

RC = Time constant. 

®bb = D-c applied voltage. 

Ei ■ Ionization potential. 

Ed = De-ionization potential. 


F = 250 - 20 

2.302 x 3.66 x 10 5 x 10" 8 logi 0 - 

250 - 75 


8.4275 x 10' 3 logio 1.31 
1 

F =---- 

8.48 x 10- 3 x 0.1186 

F = 1,000 c.p.s. 
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new cycle. Diagram (A) of figure 4-33 shows a 
typical synchronization circuit in which a sine 
wave is used to synchronize the generator in 
the grid circuit. The sine wave varies the grid 
voltage and this in turn varies the ionization 
potential. 

The waveshape in (B) shows how the ioniza¬ 
tion potential varies at a slightly higher fre¬ 
quency than the natural free-running frequency 
of the generator. The dotted sawtooth wave¬ 
shape results from a constant ionization po¬ 
tential (no synchronizing signal). At the time 
the capacitor voltage is about to reach the 
normal value, the ionization potential drops. This 
drop is due to a synchronizing signal on the grid. 
When the capacitor voltage reaches the ioniza¬ 
tion potential, the ionization occurs, starting a 
new cycle immediately. The same action recurs 
with each cycle and causes the time base 
frequency to “lock-in” step with synchronizing 
frequency. Often, in the use of the commercial 
oscilloscope, the waveshape being displayed on 
the CRT is used for synchronization. This is 
done so that the waveshape and time base will 
occur simultaneously, and the pattern will be 
stationary; If there is no synchronization, a 
difference in frequency will exist and the 
pattern displayed on the screen will move 
forward or backward along the time base. 


Typical Application of the Generator 

A typical thyratron time base generator fre¬ 
quently used in oscilloscopes is shown in figure 
4-34. The tube is a type 884 thyratron. Fixed 


bias is provided in the cathode by a voltage 
divider from B plus. The bias is held constant 
at 3.1 volts when the tube is nonconducting. 
Synchronizing voltage may be derived through 
a switch from one to three sources—the signal 
being displayed, the 60-cycle power line fre¬ 
quency, or from a terminal post to which any 
other signal can be connected. The 100-K po¬ 
tentiometer provides for varying the amplitude 
of the synchronization voltage applied to the 
grid. One of the eight capacitors when connected 
in the RC circuit provides for the coarse 
frequency adjustment. The 4-megohm potenti¬ 
ometer provides for fine tuning in that it can 
be used to set the frequency at exactly the 
desired value. Maximum linearity is obtained 
by keeping the amplitude of the output wave 
low. The desired amplitude is produced by 
amplifiers in stages that follow. 


THE HARD-TUBE SWEEP GENERATOR 

Because a thyratron is not readily adaptable 
for producing the time base with the spaced 
intervals required by radar and other electronic 
equipment, the high vacuum or hard tube is 
used instead. A hard tube is one that is highly 
evacuated; that is, one from which as much 
gas as possible is removed. In contrast, a 
SOFT tube is one with an incomplete vacuum; 
that is, one in which some gas remains in the 
envelope. A hard tube serves as a switch for 
discharging the capacitor but is not automatic 
and must be operated by an external circuit. 



Figure 4-34.-A typical oscilloscope thyratron time base generator. 
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The circuit of a hard-tube sweep generator 
is shown in (A) of figure 4-35. In (B), the top 
waveshape shows the waveshape of the voltage 
that is usually used to operate the circuit. 
Normally, this voltage will hold the grid of the 
tube at zero. The tube in the circuit conducts a 
relatively large current. The loadline shown in 
(D) shows this current to be nearly 2 ma. 
According to the loadline chart, the plate voltage 
due to this current is 25 volts. 

In radar equipment a time base is formed 
whenever a radar pulse is transmitted. Part of 

the transmitted energy is used to trigger the time 

base generator into action, thereby synchronizing 


the time base generator with the transmitter. 
This energy is shaped into a negative square wave 
that instantly drives the grid of the generator far 
below cutoff. As a result, the plate voltage tends 
to rise immediately to 250 volts, but since it 
cannot rise faster than the capacitor can charge, 
its rise is exponential. If a long time constan 
is used, the capacitor can only reach a small 
percentage of full charge before the grid cutoff 
voltage is removed. Remember that the firsi 
portion of a capacitor's charge (about 10percent) 
is practically Unear. This portion «n be u 
to deflect the beam in a CRT and form a linear 
sweep, or Unear time base. The capacitor 


E R = + 250V 12SK 


uJMmwsm 
■Bu riwil 

■ 1 fffm 
mwmnmm 
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EQUIVALENT DURING CHARGE 


PLATE VOLTAGE 6b IN VOLTS 


(E) EQUIVALENT DURING DISCHARGE 


( F ) EQUIVALENT CIRCUIT DURING DISCHARGE 
' ' USING THIVENIN'S THEOREM 


Figure 4-35.-Hard-tube sweep generator. 
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plate-load resistor are therefore selected to 

‘ ave * time cons tant so that the capacitor 
can charge to only a small amount of the applied 
vo^ge in the allotted time. This charged 
output of the sweep generator. 

When the negative grid voltage is removed 
the capacitor quickly discharges through the low 

of S 25 voL° f The ? e n itS 

^arit y C ^atwL C : ICUlat ,f 4116 “d 

in thp « a . e base such as the one formed 

™er Pr F ? r ^ diS ^ SSi0n in 016 Ml" 
The lLdlinf 1 h dra ^ L the loadline for the tube! 

is 25 vcJ^s whenTh ** V0U ^ e at * e P*te 
that cutoff for fh , grid volta £ e is zero, and 

250 volts is anmL ? e ,i S mlnUS 16 volts when 

to consider are thlt ?h plate * 0ther factors 
bia«, _ . 1 are the minus 16-volt cutoff 

of the s™are y D X eed M ^ the minus 60 volts 

>n duration trmr ’ , ? ich is 100 microseconds 

'tons) and “f* 1 f, 41me ‘ in 

capac tor is £n ® apphed volta « e to the 

the capadtor v„»' nUS * 5 ? r 225 volts - To find 

seconds perform nf g t Jf 0 after *00 micro- 
> P rform the following steps: 

time constant = RC = 125 x 10 3 x 4 x 10" 9 


time constant = 500 x 10" 6 
time constant = 500 ^sec. 

Emitted i°° ™ icrosec onds, the capacitor is 
constant B v 2?**®. for 100 ^ 00 or 0.2 time 
instant chJrt in' « rUlg 1° the universal time 
fter 0.2 time n fl ? Ure 4 " 32 ’ y° u w 111 that 
eached a charfr ° nStant the ca Pacitor will have 
PPlied voltage ge ^K qUal t0 19 percent of the 
quals the anniilw^u ca P a citor voltage (e c ) 

er cent plus^e di/h^ 6 ^ 225 volts ) times 19 
P S discharge voltage (25 volts) or 

e c ■ 225 X 0.19 + 25 = 67 . 75 volts . 

Ths 

10 »n in^y*!?? circu it during the charge is 

! an open switch 811 ?the 35 ‘ HerG 016 tube acts 
itial rate th a „ n ‘ U the rise continued at the 

the initial ra+ UrV ft, W0Uld be P erfe ctly linear. 
lts during the « volta &e would rise 225 
owed to rhari i tlme const ant. Since it is 
charge for 0.2 time constant, it 


would have risen 225 x 0.2 or 45 volts after* th- 

67 75 H ^’ 4116 aCtUal rise is « 

(67 75 - 25). Thus, the actual curve varies from 
the linear curve by 2.25 volts (45 - 42 75 ) 

When the grid voltage returns to zero the 
figure 4 35 C and Ult i beC ° meS aS Shown in ®)af 

r 0 r as •strs %rsss 

having two terminals can be replacedI bv ^ 
Simple generator having an internal impedance 
A and a generated voltage E where p 

no^hfrt ^ appears across the terminals when 
no load impedance is connected and A is the 
impedance across the terminals when all vott- 

now discharges 

tu^^^^thh'fohd Resistor 0 (R tb ® conductin g 

The eff?ct C of° r 4o . dischar ? e to 25 volts. 
fllho Aft ffect f var y in S elements in a hard- 

fSTreT-TI. generator is sh °™ graphically in 

Typical Radar Sweep Generator 

As shown in figure 4-37, the typical sweep- 
generator circuit in a radar set has a negative 
square wave applied to the grid of the tube. 
The duration of the square wave is adjusted to 
exactly the time required for the radar wave to 
travel 10, 50, or 100 miles and return. When 
the range switch is on the 10-mile position the 

is the 10_mile square wave/and 
the 0.003-/if. capacitor is switched in the plate 
circuit. For the other ranges, larger capacitors 
are switched into the plate circuit and the input 
square wave is longer. The 1-megohm potenti¬ 
ometers in the plate circuits vary the amplitude 
of the output sawtooth wave. They are adjusted 
so that the sweep line on the CRT screen will 
extend to the required length. 

Bootstrap Sweep Generator 

A disadvantage of the sweep-generator cir¬ 
cuit in figure 4-37 is its inability to develop a 
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ELEMENT 

VARIED 


R IS 

INCREASED. 


EFFECT ON 
AMPLITUDE 

EFFECT ON 
LINEARITY 

EFFECT ON 
DURATION 

DECREASED. 

IMPROVED. 


BECAUSE 

BECAUSE 

NO CHANGE. 

CONDENSER 

LOWER 

DURATION 

CHARGES 

AMPLITUDE 

DETERMINED 

SLOWER AND 

MEANS LESS 

BY INPUT 

IS STOPPED 

OF CHARGING 

WAVESHAPE. 

BEFORE IT 

CURVE IS 

GETS AS 
HIGH. 

USED. 



WAVESHAPE 


i I 

\ SMALL R | 

./^ n <^ rge , r /V1 


J_L- J -- 1 - 


C IS 

INCREASED. 


DECREASED. 
CAPACITOR 
CHARGES 
SLOWER 
AND IS 
STOPPED 
BEFORE IT 
GETS AS 
HIGH. 


IMPROVED. 

LOWER 
AMPLITUDE 
MEANS 
LESS OF 
CHARGING 
CURVE 
IS USED. 


—.-1 r r 

i ii 


NO CHANGE 
DURATION 
DETERMINED 
BY INPUT 
WAVESHAPE. 


SMALL C j 


_4 


HIGH E b b 


Ebb IS 

INCREASED. 


INCREASED. 
CAPACITOR 
CHARGES 
TO SAME 
PERCENTAGE 
WHICH IS A 
HIGHER 
VOLTAGE. 


NO CHANGE. 
CONDENSER 
CHARGES TO 
SAME 

PERCENTAGE 
AS BEFORE. 


NO CHANGE. 


_I 

LOW Ebb ! 


DURATION 
OF INPUT 
CUTOFF 
VOLTAGE 
INCREASED. 


INCREASED. 
CAPACITOR 
CHARGES 
LONGER 
AND SO TO 
A HIGHER 
VOLTAGE. 


DECREASED. 
MORE OF 
CHARGING 
CURVE 
IS USED. 


INCREASED. 
BECAUSE 
INPUT 
DURATION 
IS INCREASED. 





SHORT 

DURATION 


LONG 

DURATION 


AMPLITUDE 
OF INPUT 
SIGNAL 
INCREASED. 


NO CHANGE 
IF SIGNAL 
WAS 

ALREADY 
CUTTING 
TUBE OFF. 


NO CHANGE 
IF SIGNAL 
WAS 

ALREADY 
CUTTING 
TUBE OFF. 


NO CHANGE 


NO CHANGE IN 
PLATE WAVESHAPE. 


Figure 4-36.—Effect of varying elements in hard-tube sweep generator 


linear sweep, because of the small amplitude 
of its output. This can be overcome by in¬ 
corporating a bootstrap circuit. 

The linear sweep-generator bootstrap circuit 
of figure 4-38 is essentially a circuit for gener¬ 


ating a linear, sawtooth rise of volta ^ pU ige 
the application of a negative rectangut ^ 


from the square-wave generator. ac ?ar 2 e 

this, V\ controls the charge and dif >c „ n( j the 
capacitor C 3 . The cathode follower VZ 
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Figure 4-37.—Typical radar sweep generator. 





Figure 4-38.—A bootstrap sweep generator. 
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bootstrap diode V3 provide a means of making 
the charging curve of the capacitor linear. In 
the absence of a negative gate from the square- 
wave generator both triodes Vi and V2 and the 
diode V3 are conducting. Under these circum¬ 
stances, most of the B-plus voltage is across 
R3 and R4, and capacitor C2 is charged almost 
to the B-plus voltage. Capacitor C3 is charged 
only to the low plate potential of Vi. When the 
negative gate input reaches the grid of Vl, it 
cuts off that tube. The timing capacitor in the 
plate circuit of Vi starts charging through R3 
and R4. This rising voltage is in turn applied to 
the grid of the cathode follower V 2 . The plate 
voltage of Vl starts to rise toward the voltage 
of C 2 > but because of R5 the cathode follower 
this same plate-voltage rise is itself added to 
the voltage of C2, so that the voltage drop 
across R 3 and R4 remains constant as the plate 
voltage of Vi rises. 

Therefore, the current through R3 and R4 is 
constant, and voltage on the grid of V2 (which is 
the output voltage) rises linearly. The bootstrap 
diode V3 ceases to conduct when the potential of 
its cathode rises above that of its plate, and 
effectively disconnects the charging circuit from 


the B-plus supply. Thus, the voltage of the linear 
waveform is not limited to the B-plus voltage 
but continues to rise linearly until the neg^ive 
gating pulse is removed from the grid of Vp 
When Vl begins conducting, C3 dischargestoits 
static low voltage level, and the e * ra v °^ 
drop across R 5 disappears. Suice the caMe 
Of V, is then slightly less positive than its plate 
the tube conducts. The generator reinainste 
this static state until another gating pulse 
arrives at Vi- 

TRAPEZOIDAL WAVESHAPE GENERATOR 

The sawtooth sweep generator 
described is suitable for any electrostaticahy 
deflected CRT. However, you will find th 
majority of the larger radar sets ® mp ? a l^be 
netic deflection instead in cathode-r y 
circuits in which sweep voltages are apphed^ 
coils. In long range sweeps, the s 
voltage is adequate for a linear sweep, 
Tor? ranges,\ special sweep voltage> 
trapezoidal waveform must be applied v 
come the effects of the L/R formed by V* 
sweep coils. 




APPLIED VOLTAGE 


INITIAL RATE 

V 1 


10 % |--A 


a_-:L 

10% 1 

L-R TIME-< 


'ACTUAL RATE 


Figure 4 - 39 .—Square wave applied to L/R circuit. 
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The deflection of the spot in a magnetic CRT 
ends upon a change in magnetic field strength, 
le this magnetic field strength varies directly 
i the current in the deflection coils, any 
iar deflection of the spot requires a linear 
iation of the current through the deflection 
1. A fairly linear current change occurs 
‘never a square wave is applied to an inductor 
he first 10 percent of the time constant is used, 
shown in figure 4-39, square wave e a is 
lied to an L/R circuit. (Remember that all 
lection coil circuits are L/R combinations 
ause the coil wire and associated com- 
ents introduce resistance in series with the 
ual inductance of the coil.) In this L/R 
cuit the current change through the coil 
reases rapidly at first but the rate of in- 
ase becomes progressively slower as the 
tage drop across the resistor decreases the 
tage applied to the coil. During the first 
percent of the rise, the increase in current 
piite linear. 

Making the L/R value much longer than the 
e of the applied voltage produces a reason- 
e linear sweep. Referring to the simple 
cuit in figure 4-40 (B) utilizing a square¬ 
's input, you see a tube that is normally 
off by fixed bias. When the sweep is ready 
start, the grid voltage is brought up to zero 
h respect to the cathode by a positive square 
r e. Plate current flows, increasing at a rate 
irmined by the inductance and resistance, 
s resistance is the plate resistance of the 
' and the resistance of the coil. The time 
rtant of the L/R circuit formed is long, 
therefore the current rise is slow. The pulse 
the grid ends before the current becomes 
' high, thus keeping the current increase in 
first 10% or linear portion of the curve, 
c the tube is cut off the magnetic field 
l Pses, causing an oscillatory transient. The 
sients can be prevented either by a change 
le circuit or made harmless by blanking 

pot during this time. 

is difficult to keep the series resistance 
because the plate resistance of the 
“JJ t 1 * 6 involved is never small. There- 
shorter time constants (larger R in ratio 
are accepted, and the applied voltage is 
ed to compensate for the large R. Re¬ 
'S to (B) of figure 4-39, notice that if 
^ere no resistance in this circuit, the 
Qt would increase indefinitely at the initial 
lQ ng the broken curve. This is because the 


fundamental relationship between the voltage 
and current in an inductor is 

E = L di/dt 

where E is the applied voltage, L the inductance, 
and di/dt is the instantaneous rate of change of 
current with respect to time. L and E are 
constant and time changes linearly; therefore 
the current i must change linearly to make the 
equation true. The rate decreases along the 
exponential curve because the voltage drop 
across the resistor, due to this same current 
through it, subtracts from the applied voltage 
to leave less voltage across the inductor. Less 
voltage causes the current to increase at a 
slower rate. 

The effect of the resistor may be eliminated 
if the applied voltage is increased at the same 
rate that the resistor voltage increases. Under 
these conditions, the subtraction of the resistor 
voltage maintains a constant voltage across the 
inductor, and the current increases at a con¬ 
stant rate. 




Figure 4-40. — Linear rise due to long time 
constant. 
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Analysis of the Trapezoidal Waveshape 


The applied waveshape just described is 
called a TRAPEZOIDAL WAVE. In the wave¬ 
shape shown in figure 4-41, the initial in¬ 
stantaneous rise is called the JUMP voltage. 

It is this voltage which starts the current flow 
in the inductor. The slow increase is called 
the SLOPE voltage. Its action is to compensate 
continuously for the drop across the resistor. 

A quantitative analysis shows that there is a 
direct relation between the L/R, the jump 
voltage, and the slope voltage. In addition, since 
the trapezoidal voltage is produced with an 
r/C circuit, there is a direct relationship be¬ 
tween the L/R of the sweep amplifier and the 
RC of the sweep generator. 

The jump voltage is the voltage which would 
be applied to a pure inductance. It is a constant 
value equal to L di/dt, where Lis the inductance 
and di/dt is the rate of current change in 
amperes per second. As the current change 
also occurs in the resistor, you can use the 
Ohrn’g law formula E = IR to determine the 
voltage across the resistor. The facts are that 
R is constant and I is the same continuously 
changing current that is flowing through the 
inductor. Thus, according to Ohm’s law the 
slope of the resistor voltage becomes R di/dt. 

Important facts to remember are that in the 
determination of the waveshape required for 
any sweep coil, the ratio of the jump voltage 


Ea 


to the slope voltage is the most essential 
quantity, and that the jump to slopei ratio iJ 
equal to the time constant of the L/R circui. 
The relationship expressed mathematically 

reads, 

L di/dt L 
” R 


jump 


slope R di/dt 


To learn to use this relationship, study the 
following sample problems: 

PROBLEM 1 .—Assume the CRT and[cod 
the CRT assembly have been assem 
that as part of a radar set, a l ^ a ^ d-that 
for a 50 -nauticaUmile range is eata 

is, .the spot must swing across th ® scop , 

constant rate in 620 microseconds (toe appro* 

mate time of 50 radar mUe ®, of ^rent 
ments with d-c current indicate that a 
of 100 ma. causes the spot to moveth 
distance. Therefore, for a linear Urn 
covers the screen, the current in ^ 

change at a constant rate from zeT0 ° en t 
in 620 microseconds. The re ^® re \il, 
waveshape is shown in (C) of t otal 

Further measurements indicate th ^ 

resistance in the coil windings is eQuiva . 
the inductance is 100 millihenries, 
lent circuit of the coils is shown ' ' re . 
jump voltage and what slope volta JL on the 
quired to cause a perfectly linear swe p 

CRT? 





RESULTANT CURRENT 


Figure 4-41.—Trapezoidal waveshape. 
118 

Digitized by 


Google 












e L = 16 - 1 volts. 

1116 resistor voltage slope is R di/dt 


The sweep time is 12.4 microseconds per 
mile. Therefore, for four miles it is four times 
that or 49.6 microseconds. Substituting in the 
equation E L = L di/dt, 


Therefore, it equals , or 64,500 

w “s Per second. 620 x 10 ' 


= 


10" 1 xl0' 1 

~ or 200 volts. 


at a rate 0^64 Uage across ^ resistor is 
•toie base onlv 5 i°° 7 ° ltS per second - Since the 
Volt age champ 7 620 mi croseconds, the 

Wor eTloo TLn e 620 .Months of this 

Can ea sily check th X 10 ’ ° r 40 volts ‘ You 
cu rrent at result as foll °ws: The 

y is the fZ rPQ- °/ 016 time base is 100 ma * 
8 4 °0 ohms thp f ° r current - The resistance 
0 v °lts t ref0r *> E R = IR = 0.1 x 400 or 

to scale, i s S ho^ qUlr ^v mpUt waves hape, drawn 
^ in (C) of figure 4-42. 


49.6 x 10 

Since the 100 ma. is a smaller percentage of the 
final current when 200 volts is applied than when 
16 volts is applied, the rise is more linear and 
the slope voltage is a smaller proportion of the 
total voltage. This condition approaches the 
applied square wave shown in figure 4-39. When 
the percentage of slope voltage becomes some¬ 
what smaller, it may be safely omitted without 
serious nonlinearity in current rise. 

PROBLEM 3.—Calculate the applied wave¬ 
shape for the 100-mile range and find the jump 
voltage when the final slope voltage is still 40 
volts across the 400-ohm resistor and the time 
is 1,240 microseconds. 
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Solution: 

Find the jump voltage, E L , by the equation 
El = L di/dt 


Substituting, E L =— - -— -7 - = 8.0 volt 

1,240 x 10"° 

Since the current rise is very slow, only a 
a small voltage is applied to the inductor. In 
fact, the jump voltage is so small that it may 
be omitted altogether on this long range without 
appreciable change of the waveshape. The 
applied waveshape becomes a sawtooth wave¬ 
shape similar to that used for the electrostatic 
CRT. The waveshapes for the 4-, 50-, and 100- 
mile ranges are drawn to scale in (C), (D), 
and (E) of figure 4-42. Notice that the small 
jump voltage goes with the long range and the 
large jump voltage goes with the very short 
ranges. 


(A)circuit 



Trapezoidal Sweep Generator 


Where it is necessary to supply a trapezoidal 
waveshape to a sweep coil, a vacuum tube and 
RC circuit may be used to produce the desired: 
waveshape. Diagram (A) of figure 4-43 shows 
a simple vacuum tube circuit that will produce 
this kind of waveshape, and (B) shows the 
equivalent of the producing circuit. The triode 
serves only as a high-speed switch. When the 
tube is cut off by the driving pulse, the plate 
voltage rises toward the applied voltage at the 
rate the capacitor charges. However, some of 
the resistance of the RC circuit is between the 
plate and ground. The high initial charging 
current flows through this resistor and the; 
capacitor, raising the voltage immediately 
toward the applied voltage. In the curves, the 
capacitor voltage and total resistor voltage;Lj 
curve are shown in (C). If R2 is one-fourth the fo 




e R2+6 c 



(C) WAVESHAPE 7 


Figure 4-43.-Trapezoidal sweep generator. 
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size of Rj, one-fourth of the voltage will be 
across it at all times. The curve for the R2 
voltage is a miniature replica of the total 
resistor voltage. The output voltage is the sum 
of the R2 voltage and the capacitor voltage. 
This total voltage is the trapezoidal voltage 
required for the sweep coil circuit. 

As before, the two elements—jump and slope- 
form the waveshape in the sweep coil. The 
ratio of the jump to slope is L/R. To produce 
the same jump-to-slope ratio with an RC circuit, 
it is necessary that the RC circuit be designed 
so that R2C is equal to the L/R of the sweep 
coil circuit. Mathematically, the relationship is 
expressed as L/R = R2C. 

This equation is derived as follows: 

First, consider the jump voltage when the 
voltage is applied to the circuit. The total 
voltage Ebb appears across the resistors Ri 
and R2. The proportion of the voltage that 
appears across R2 is expressed by the following 
equation: 


E bb R 2 

E R 2 = R1+R2 


Slope 

Using the simplified equation, you can ex¬ 
press the relation of the jump to slope as follows: 

E bb R 2 

jump .Rj _ 

ii^r E bb 

R X C 

E bb R 2 R 1 C 
R 1 X E bb 


jump 

slope 2 


You know this* is an approximation, but you 
can see that the jump-to-slope ratio is nearly 
equal to the product of R2 times C. For linear 
current increase, therefore, the time constant 
of the deflection coil circuit (L/R) should equal 
R2C. 


If R2 is much smaller than Ri, you can 
simplify the equation and get an approximate 
answer by dropping R2 from the denominator. 
The equation now reads, 


E bb R 2 

e R2 = ~~rT~ 


Second, consider the slope, being sure not to 
confuse slope with the final slope voltage. Slope 
is a rate of so many volts per second while final 
slope is so many volts at the end of the rise. 
The initial charging rate of the capacitor is such 
that it would charge the capacitor to the applied 
voltage in one time constant. If only a small 
Psrt at the start of the curve is used, then the 
initial rate is the slope. Since the voltage in¬ 
creases at a rate of one E bb per time constant, 


Slope = 


E 


bb 


(Rl + R2) c 


When R2 is quite small, you may disregard 
1 for simplicity. Therefore, the slope equation 

*6<LQSj 


Design Considerations in a Trapezoidal 
Generator 

In the practical utilization of the principles 
just described, it is usually necessary to make 
the sweep coil a part of the plate circuit of a 
power amplifier tube in order to obtain the high 
q<irrents with the desired waveshape. The 
trapezoidal waveshape is then generated at a low 
level and amplified by the power amplifier tube. 

To see how the details are worked out, study 
the example of a complete generator and sweep 
coil circuit in figure 4-44. The quantitative 
values worked out are for the coil used for 
producing the 50-mile sweep voltage described 
earlier. In the design of this circuit, you will 
find it convenient to start with the sweep coil 
and work backwards to the sweep generator. 
Therefore, the waveshapes which are shown and 
the analysis which follows are in reverse order. 

The 50-mile sweep voltage coil has an in¬ 
ductance of 100 millihenries and a resistance of 
400 ohms. A linear time base requires a linear 
current rise of 100 ma. in 620 microseconds, 
which can be accomplished with a jump voltage 
of 16 volts (from previous calculations). Since 
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GRID VOUAGE ON IRIODE GENERATOR 


Figure 4-44.—Complete generator and sweep coil circuit. 


this applied voltage is from the plate circuit 
and is due to grid-voltage change, which is 
amplified in the tube, the required jump in 
grid voltage is only a fraction of the plate - 
voltage change. 

In the circuit illustrated, the sweep coil is 
in the plate circuit of a 6L6 power amplifier. 
The 100 ma. current change actually starts from 
25 ma. instead of zero to take advantage of the 
more linear part of the tube characteristics. 
The loadline is drawn from the 400-ohm re¬ 
sistance of the coil. The voltage on the grid 
of the 6L6 between sweep voltages, first tube 
conducting, is plus 10 volts, but 40 volts bias 
makes the grid-to-cathode voltage minus 30 
volts. Therefore, the waveshape starts forming 
at point A on the loadline. Then the sudden grid 
voltage change on the triode causes a change of 


16 volts in the plate circuit of the 6L6. 
current increase in the coil generates 16 vo 
of back e.m.f., reducing the effective P 
voltage by 16 volts. Thus a new loadline » 
drawn from 300 minus 16 or 284 volts, 
grid voltage must change to point B on 
loadline for a 16-volt change in the plate, 
current has just started increasing above 
ma., so point B is at 25 ma. plate current 
284 volts plate voltage. The grid- voltagecnang 
is from minus 30 to minus 28 volts aS re 
from these characteristic curves. Ther ?: < i ,1 
the jump required at the grid of the 6L 
2 volts. * 

After the jump, the slope occurs. The cU ^ r ®„5 
must rise at a constant rate to 125 ma. A 
ma. the grid voltage, as read from the cn 
acteristic curves, is minus 3 volts. 
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Note the difference in waveshape between 
the earlier circuit in (C) of figure 4-42 and the 
grid-voltage curve for the 6L6 in figure 4-44. 
The slope component is many times as large 
as the jump component at the grid while the 
slope and jump are almost the same in the 
circuit in figure 4-42. The difference is due 
to the plate resistance of the 6L6 tube being in 
series with the coil. The additional resistance 
requires a much larger slope component. 


Chapter 4 — SPECIAL CIRCUITS 

From the universal constant chart in 

figure 3-10, 13.3 percent of charge equals 0.10 
time constant. This means that MO “«ro 
seconds , is 0.107th of a time constant or 0.107 

RC. 

Since 620 x 
Then, 


10 = 0.107 RC 


The voltage change across the resistor R2 
and capacitor C in the circuit must be the same 
as the required grid voltage change. The sweep- 
generator components must be selected for this 
waveshape. 

First consider the plate voltage required on 
the 6SN7. The slope must be linear, which 
means the charge must be limited to the first 
10 percent of the charging curve. The voltage 
slope component has a final amplitude of 25 
volts. The slope starts from 10 volts. If 100 
volts are used as the applied voltage, 25 volts, 
being 25 percent of 100 volts, would be too 
nonlinear. Using 200 volts, and subtracting the 
10 volts of original charge (plate voltage when 
the 6SN7 is conducting), 25 volts are 25/190 
or 13.3 percent of full charge. This will be 
acceptable in this case because a higher voltage 
will raise the plate voltage, with the 6SN7 con¬ 
ducting, to more than 10 volts, which would 
require increasing of the 6L6 bias. 

With 200 volts plate voltage, a load resistor 
must be selected which will hold the plate voltage 
at 10 volts while the 6SN7 is conducting and grid 
voltage is zero. As shown by the loadline on 
the 6SN7 characteristic curves, a 200-K re¬ 
sistor will accomplish this. 

Next determine the capacitor size from the 
following data: 


C =25 volts 
c 


E bb = 200 - 10 = 190 volts 

t = 620 microseconds 
R = 200K 

C 25 

The percent of full charge =-^- =-=13.3 

Jercent Ebb 190 


620 x 10 


-6 


620 x 10 


-6 


C = 


c = 


0. 107 R 

-10 


1.07 x 


10" 1 x 2 x 


or 


10 ' 


290 x 10 ‘ = 0.029 M f. 

The last item, the size of R 2 , provides the 
jump voltage, which is 2 volts. You can calculate 
R2 by transposing in the equation 


jump = 


E bb R 2 

Ri 


This gives, 


Substituting, 


R 2 = 


jump x R^ 


E 


bb 


R n = 


- 2x2 x 10' 


2 x 10 2 


-- 2,000 ohms 


The pulse required to cut off the 6SN7 ac 
cording to the characteristic curves must be 
more than 12 volts negative. The negative square 
wave, having an amplitude of 50 volts, is more 
than ample for this purpose. 

In the cathode-ray tube deflection coil cir- 
cmt, a separate coil may be provided which will 
cancel the magnetic field caused by the residua 
25 ma current in the 6L6 tube. This causes SS 
magnetic field strength to be zero between 

ZeZ 3 oo e r th0Ugh 25 ma - iS ^ in Z 

marizes the effectVvartfng"toe sizes oftih" 
component parts of the trapezoidal sweep gen* 
erator, notice that varying R, the f 
resistor, affects the overaU amplitade of the 
waveshape but has little effect on the iumn o 
slope ratio. Varying the capacitor size P ' t0 ‘ 
the slope only, while varvinp- r v? chan S es 
jump voltage oriy yi " g R 2 chan ges the 
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CIRCUIT CHANGE 

EffECT ON JUMP 

VOLTAGE 

EffECT ON SLOPE 

AALPUTUOC 

NCREASE R> 

NCREASED BECAUSE 

RATIO Ri/R, S 

INCREASED 

NO CHANGE 

RC IS STU 

APPROXIMATELY THE 

SAME 

NCREASE C 

NO CHANGE 

RATIO R> R. IS 

UNCHANGED 

SLOPE S LESS 

FMAL AMPLITUDE LESS 

BECAUSE RC IS LONGER. 

CHANGE IS SMALLER 

PERCB4TAGE 

n 

SMALLER 

RATIO R> Ri 

IS LESS 

GREATER BECAUSE RC 

IS SHORTER. 

C CHARGES TO HIGHER 

VOLTAGE 

HCREASE Efc k 

(MATE supply VOUAGEI 

INCREASED DUE TO 

GREATER APPltD 

VOLTAGE 

INCREASED DUE 

TO HIGHER VOLTAGE 

CHARGE LIMIT 

DURATION Of 

ORMNG PULSE 

INCREASED 

NO CHANGE 

SAME APPLIED 

VOLTAGE, 

SAME R, R. RATIO 

NO CHANGE 

SAME APPLIED VOLTAGE. 

Same rc, 


Figure 4-45. —Effect of varying elements in a trapezoidal sweep generator. 


QUIZ 


1. In a thyratron sawtooth generator, in¬ 
creasing the bias voltage will 

a. increase sawtooth linearity 

b. increase frequency 

c. decrease amplitude of sawtooth 

d. decrease frequency 

2. The action in the grid circuit of a grid 
clamper is the same as 

a. positive-diode clamper 

b. negative-diode clamper 

c. positive grid limiter 

d. negative grid limiter 

3. In figure 4-38, increasing the size of C, will 

a. increase amplitude of sawtooth ^ 

b. decrease flyback time 

c. increase linearity of sawtooth 

d. decrease linearity of sawtooth 


4. In a grid limiter the operation of the g 

circuit is the same as a 

a. positive limiter 

b. negative limiter 

c. positive clamper 

d. negative clamper 

5. In radar indicators, clamping circuits** 

used to establish the d-c reference a 

CRT because e 

a. greater gain can be realized from 
of many clamping circuits in series 

b. the clamping circuits synchronize 
sweeps both horizontally and vertica 

c. the coupling capacitors between amp 
fier stages pass only the a-c componen 
of a signal and reject the d-c referen 
level 

d. d-c coupling between amplifier sta ^ e ^ 
cannot establish a d-c reference ev 
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6. In figure 4-17, the 8-/xf. capacitor (in 
cathode of second triode) shorts. The plate 
waveform of V£ would be 

a. a square wave 

b. negative spikes with switch in either 
position 

c. a low d-c voltage 

d. positive spikes with switch in either 
position 

7. If a sine wave is applied to a positive 
series-diode limiter, limiting at zero po¬ 
tential, the output during the positive portion 
of the input will be 

a. a positive voltage 

b. a negative voltage 

c. zero volts 

d. both positive and negative voltage 


8. In a hard-tube sawtooth generator, in¬ 
creasing B-f will 

a. improve linearity of sawtooth 

b. increase amplitude of sawtooth 

c. increase frequency 

d. decrease amplitude of sawtooth 

' The plate resistance of a typical conducting 
diode is approximately 

a. 5 ohms 

b. 500 ohms 

c. 5,000 ohms 

d. 50,000 ohms 


In a radar set employing electromagnetic 
deflection, to switch from a long range to 
a short range, you should 

a. increase slope voltage only 
• decrease slope voltage only 

c. increase both jump and slope voltage 

d. increase jump voltage only 

Clamping circuits are used in sweep cir¬ 
cuits to 

a. limit the polarity of the sweep 

c. make the sweep linear 

limit the amplitude of the sweep 

d. start each sweep at the same potential 

Saturation limiting with a small grid signal 
occurs in a tube in which the plate circuit 
contains a 

a - low plate-load resistor and a high plate- 
supply voltage 

• high plate-load resistor and a high plate- 
supply voltage 

C * * 0w Plate-load resistor and a low plate- 
supply voltage 

high plate-load resistor and alowplate- 
supply voltage 


13. In a negative series -diode limiter, the diode 

conducts 

a. when the input is positive 

b. when the input is negative 

c. at all times 

d. when the output is negative 

14. To obtain a trapezoidal waveform from a 
hard-tube sawtooth generator, 

a. a resistor is placed between sweep 
capacitor and ground 

b. a resistor is placed in parallel with 
sweep capacitor 

c. the sweep capacitor is replaced with a 
resistor 

d. two sweep capacitors are connected in 
series 

15. The function of a limiter, or clipper, is to 
restrict a signal in 

a. amplitude without affecting the shape 

b. amplitude without affecting the frequency 

c. frequency without affecting the shape 

d. frequency without affecting the amplitude 

16. In figure 4-17, the 0.002-uf. coupling ca- 
pacitoris increased to 0. 2 )ii. capacity. The 
waveform at plate of V 2 would be 

a. all positive spikes 

b. all negative spikes 

c. both positive and negative spikes 

d. high amplitude square wave 

17. Which of the following statements about 

grid-limiting is true? 

a ” ^ t ci%p p e°d: itive or negative peaks 

b. Limiting occurs when electrons flow 
from the cathode to the plate. 

c. The amount of clipping depends on the 

ratio of grid-cathode resistance to 
series-grid resistance. 

d - with t ll tQr U - series 

18. A positive-diode clamper will 

l: 

c. limit positive portion of input 1 

d. limit negative portion of input 

19. The parallel-diode limiter differs 

series-diode limiter in from the 

S: Having 

c. being essentially a voltage-d^er^" 8 

d. limiting when biased below cutoff 

20. A negative-diode clamper , iU 

c. limit the positive P portion^? r n g n P r ential 
d * hmit the negative P porti°on of ^put 
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21. A high amplitude sine wave is applied to a 
parallel-diode shunt limiter. Each limiter 
is limiting at a low bias voltage. The output 
will be a 

a. sine wave 

b. sine wave with positive portion clipped 

c. sine wave with negative portion clipped 

d. low amplitude square wave 

22. A thyratron oscillator can be stabilized in 
frequency by a synchronizing sinusoidal 
waveform only when the frequency of the 
synchronizing signal is 

a. exactly the same as the fundamental of 
the oscillator 

b. slightly below the fundamental of the 
oscillator 

c. slightly below the fundamental, har¬ 
monic, or subharmonic of the oscillator 

d. slightly above the fundamental, har¬ 
monic, or subharmonic of the oscillator 


23. An overdriven amplifier achieves both 

saturation and cutoff limiting by the use of a 

a. high plate-supply voltage, a high plate - 
load resistor, and a series-grid resistor 

b. low plate-supply voltage, a high plate - 
load resistor, and a large signal input 

c. high plate-supply voltage, a low plate¬ 
load resistor, and a small signal input 

d. low plate-supply voltage, a high plate- 
load resistor, and a series-grid resistor 


24. In a negative shunt diode limiter, limiting 
at a negative potential, the output will be 
the same as the 

a. input 

b. positive portion of the input 

c. negative portion of the input 

d. input with the negative portion clipped 
at the limiting potential 


i 


126 


Digitized by t^ooQie 





CHAPTER 5 

SPECIAL CIRCUITS—CONTINUED 


SQUARE-WAVE GENERATOR 

Some of the information dealing with multi- 
ibrators, as presented in this chapter, may 
eem repetitious of Basic Electronics) NavPers 
0087. Since this chapter is written for Aviation 
lectronics Technicians First and Chief, the 
■eatment of multivibrators must be more 
lorough. The preliminary data is given as an 
d in introducing the more complicated aspects 
' the subject. 

The multivibrator (square-wave generator) 
a form of relaxation oscillator. There are 
veral different types in use, depending on the 
nction they are required to perform. They are 
ed for time sharing, gating, counting, and 
ning bases. These circuits either produce a 
ecified waveshape repeatedly as long as power 
supplied or produce one wave when pulsed, 
i remain inactive until another pulse is ap¬ 
ed to the circuit; then they produce another 
ve. The output waveshape is the same re- 
■dless of the waveshape or amplitude of the 
■lating or TRIGGER pulse. Those which run 
itinuously with only power applied are called 
e-running multivibrators. Those which pro- 
e one complete cycle of operation for each 
cnronizingpulse are called ONE-SHOT, ONE- 
^LE, or MONOSTABLE. Those which produce 
f a cycle of operation for each synchro¬ 
jig pulse are called BISTABLE, FLOPOVER 
iCALE-OF-TWO circuits. The frequency of 
running multivibrators, as with other types 
'scillators, is influenced by all voltages and 
ponent sizes associated with the circuits. 
refore > although such circuits have only fair 
ueney stability when free running, adequate 
Uty is readily achieved from a reliable a-c 
nronizing voltage. 

’he square waveshape produced can be dif- 
“ * ated *° produce accurately spaced peaked 
^shapes. The duration and amplitude of any of 
aveshapes are readily varied. Time delayed 
Js can be produced by triggering a multi¬ 


vibrator with a peaked wave, letting it go through 
a cycle, and obtaining a new peaked wave some¬ 
what later from the square wave produced. 


The Plate-Coupled Multivibrator 

The plate-coupled multivibrator is the 
simplest of the multivibrators. It produces a 
wave which is almost square when properly 
designed, and giv£s an almost perfect square 
wave when additions are made to the basic 
circuit. Note in figure 5-1 that basically this 
multivibrator consists of two triode amplifier 
stages, where the output of the second stage is 
introduced back into the input of the first. The 
phase inversion through the circuit is 360 de¬ 
grees and any slight change in the first tube 
will be amplified through the circuit and will 
cause a greater change in the same direction in 
the first tube. That is, feedback is IN PHASE 
and the circuit will oscillate. There are no 
elements in the circuit to limit the feedback to 
any one frequency, so feedback occurs at all 
frequencies. Hence, a square wave contains 
several hundred frequencies is produced. * 
, Looking at the action from the point of view 
of transients-that is, following each voltage 
change step by step-there are four differ! 
conditions that exist during one cycle o^ pera 
tion. They are as follows: opera- 

1. An extremely rapid change from V, con 

ducting to V 2 conducting. 1 n ~ 

2. A long period during which Vi is cut off 

and the circuit is relaxed. 1 off 

3. A second violent change as v, , 

driving V 2 beyond cutoff Vl conduct s 

4. A long period during which V 2 is cut off 
and the circuit is relaxed. ^ Ut 

The cycle repeats as condition on* fwn 
condition four. The rapid changes lust * ? s 

occur in a few microseconds, anTarTsTfS 
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Figure 5-1.-Plate-coupled multivibrator. 


that the spot on a CRT becomes invisible when 
the waveshape is observed on an ordinary 
oscilloscope. The long relaxation periods are 
represented by the nearly constant voltages be¬ 
tween switchover times. 

CIRCUIT OPERATION 

Refer to figure 5-2. When the filament 
voltages are on and the plate voltage is applied, 
current flows in both tubes. If the circuit com¬ 
ponents are the same in both tube circuits and 
both tubes are of the same type, the circuit is 
said to be SYMMETRICAL, and both currents 
should be equal. But it is impossible to obtain a 
perfect balance in the circuit, due to the non¬ 
uniformity of available parts and the irregular 
way in which emission occurs from the cathode. 
Any slight change in current in one tube that is 
not accompanied simultaneously by a similar 
change in the other tube will start oscillation. 

Assuming that a slight current increase has 
occurred in the tube Vi, the following series of 
events then occur in rapid order: The increase 
of current in Vi increases the voltage drop 


across Ri which lowers the plate-to-gr 
voltage at Vj. This lower voltage is n ° w l 
than the charge on C2, and the capacitor C2 
charges toward the new plate volta ^' ^ 

discharge current flows through R4 maKing 
grid end negative. The negative grid of 2 
creases the current in V2« This reduce 
drop across Ro, causing the plate-to-g 
voltage at V2 to be higher. Capaci or 1 

between this plate and ground and therefore 

charge to the new higher voltage. The cna 
current flows through R3 toward the plate- 
voltage as shown by solid arrows in fiS ur ® 
This current causes the top of Rgtobe po ' 
and therefore the grid of Vi to be posi ive - ^ 
positive grid causes the original slight incre 
of current to become a tremendous cur . rGI Lt a 
crease. As the changes go around the circ ^ 
great voltage drop occurs at the plate of 1 
grid V2 is made more negative, current in 2 
decreased more, plate voltage at V2 . er 
making the grid of Vi more positive andfu 


increasing the Vi plate current. gg 

This is a cumulative process which con ^ a 

until the current in V2 is decreased to zero y 
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Close) occkarge a*curr 

0 OOCHARGE CURR&fT MAKES TOR Of Ik NEGATIVE 
WITH IE5EECT TO ROTTOM. 

0 SHCt GMD AM) CATHODE ARE CO^+^^Cm> TO IU. GMD MCOMK 
MGATTVl WITH RESPECT TO CATHOOE 

0 MOM WGATIVE GMD AT V, DECREASES CURRBRT RABR4G VCHTAGE 
AT HATE Of V* 

0 A ORIENT HOWS THROUGH PATH Of ARROWS TO CHARGE 
CONDENSER Ci TO NEW HIGHER VCHTAGE. 

® THE CHARGMG CURRENT MAKES THE TOP Of R> POSfTTVE 
WITH RESPECT TO ROTTOM AND CONSEQUMfflY. 

TM GMD Of V, 8 POSITIVE. 

© Tt«S CAUSES A GREAT R4CREA3E N C1RRM M V,, WHOM THE OMGMA1 
SMAU MCREASe OCCURRED 

Figure 5-2.—Sequence of changes in 
multivibrator. 

id voltage far below cutoff. This action does not 
iur in steps as the explanation may seem to 
Ply, but is a smooth and very rapid transition. 
With zero current through V 2 the plate voltage 
iomes equal to the supply voltage since there 
10 voltage drop across R2. Cj quickly charges 
this value by grid current flow in Vi. After 
t, current through R3 is zero; hence the grid- 
cathode voltage is zero. The plate voltage of 
remains at a constant low value while the grid 
iage is zero; so the capacitor C2 continues to 
charge toward that value. While discharging, 
current (dotted lines)holds V2 cut off. Every- 
g is at a standstill in the circuit except for 
slow discharge of C2- Of the four conditions 
3d at the start of this discussion on the plate- 
iled multivibrator this corresponds to con- 
in four. The slow discharge of C2 continues 
die voltage across C2 becomes lower and 
The voltage across R4 continuously equals 
C2 voltage in accordance with Kirchhoff’s 
law, so the Rj voltage decreases. Upon 
toing a voltage just less than the cutoff volt- 
‘°r Vjj, a slight current starts flowing through 


V2. This ends the period of inactivity in the cir¬ 
cuit as swift changes follow this slight curren . 

The current lowers the V2 P late voltage. Cj 
starts to discharge, making the grid of Vi nega¬ 
tive. The resultant decrease in plate current 
raises the Vi plate voltage. C2 now recharges to 
the new Vi plate voltage. The C2 charging current 
makes the grid of V2 positive and the original 

_A I Thi« rPCPH- 


erative process continues until Vj is cut off by the 
discharge of Cj. At this point, Vi plate voltage 
rises quickly to the plate-supply voltage, C2 
charges swiftly to supply voltage through V2 grid 
current, and the plate voltage of V 2 steadies at 
a low value. This ends the rapid changes during 


condition one. 

The second inactive period occurs as Vi is 
held nonconducting by the slow discharge of Ci. 
The discharge continues until the Ci voltage is 
just below cutoff for Vi. This period is as 
described for condition two. 


men me sngnt current mvi repeats the first 
rapid change described above. In the waveshapes 
in the basic circuit diagram in figure 5-1, the long 
period between time tj. and t 2 is the time that Vo 
is cut off, and the exponential grid-voltage de¬ 
crease of e g 2 shows how long the capacitor C2 
can hold V2 nonconducting. At time t2 the rapid 
change just described occurs, while the half cycle 
following that is the time V* is cut off. 

In summary, the operation of this circuit con¬ 
sists of long periods of time when one tube con¬ 
ducts a high current while the other tube is cut 
off, followed by an extremely rapid change to the 
other tube conducting and the first tube cut off 

The slow discharge of the capacitors is due to 
the long time constant of the discharge circuit 
In the waveshape in the basic circuit diagram in 
figure 5-1, the grid voltage is shown as 
positive for short periods of time. This ocWl 
when the other plate is rising toward supply volt 
age. The capacitor is recharging makinp-th^I’ 
of the grid resistor positive. T^VesSp^ 
tive vo tage on the grid makes the grid act as a 
diode plate, and part of theemitted electron^ 
to the grid and into the capacitor tS 
source of electrons charges the caoaont 
quickly. That is, the grid-to-cathode eqmvaW 
resistance is very small, forming a short nr 
during the capacitor charge. The ^ositive-gofrS 
grid causes an extra dip in plate Voltage wh ^ 
makes the grid of the other tube mor^nV^t v 
than normal. The effect, if the grid dirt L 
come positive, is shown by dotted lints“n to" 
waveshapes in the basic circuit diagram 
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QUANTITATIVE ANALYSIS 

It is fairly easy to calculate the frequency 
and approximate voltage throughout a given 
circuit of this type. Consider, for example, the 
circuit shown in figure 5-3 (A). A plate voltage 
of 300 volts is applied to a 6SN7 dual triode 
with the circuit components shown. The plate 
voltage of Vi varies between the value cor¬ 
responding to zero grid voltage and the value 
corresponding to zero plate current. You can 
determine these values from a 20-K loadline on 
the 6SN7 characteristic curves. The loadline 
crosses the zero grid-voltage line at a plate 
voltage of 97 volts. At zero plate current, the 


plate voltage is 300 volts. From this informa¬ 
tion you can construct the plate-voltage wave¬ 
shape. 

All this plate-voltage change occurs across 
the grid resistor on V2 at the first instant. The 
resistor voltage is the grid voltage for V2, so 
the grid will swing negative by the same 
amount that the plate voltage drops. The plate 
voltage drops from 300 to 97, or 203 volts. The 
grid is at zero when the plate-voltage drop 
occurs, so the grid immediately goes 203 volts 
negative. Then the capacitor starts discharging 
down to 97 volts. The discharge will be ex¬ 
ponential. The equivalent circuit diming the 
^cmhonro \a ah own in (D) Of figure 5-d. A 
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Figure 5-3. Quantitative analysis of plate-coupled multivibrator. 


130 


Digitized by 


Google 


J 

















Chapter 5 - SPECIAL CIRCUITS - CONTINUED 


voltage across r p i (the tube's plate resistance) 
is 97 volts and the capacitor is discharging from 
300 volts to 97 volts. The plate resistance r p i is 
found by using the plate current and voltage when 
the grid voltage of Vi is zero. 

r pl = e bAb = 97/10.3 ma. = about 9.4K ohms. 


n parallel with this (through the battery) is the 
!0-K plate-load resistor. This parallel combina- 
lon will have a resistance of about 6K and will 
e in series with the 1-megohm resistor. For 
implicity this 6-K resistance can be disc¬ 
arded. This will only introduce an error of less 
lan one percent. The discharge time constant 
ithout the 6-K resistance will be 0.001 fit. x 1 
ieg. = 1,000 microseconds. 

The discharge continues until the resistor 
ind grid) voltage at V 2 is just above cutoff, 
utoff voltage for this tube with 300 volts ap- 
ied is minus 18 volts as read from the 
laracteristic curves. The cutoff period is 
rminated when the voltage drops to 18/203 
1 8.86 percent. The resistor voltage is down to 
86 percent in 2.45 time constants. This is 
Iculated from the capacitor discharge curve on 
i universal time constant chart in figure 4-32. 
ice the discharge time constant is 1,000 
croseconds, the cutoff time equals 2.45 time 
nstants multiplied by 1,000 microseconds or 
150 microseconds. 

The cutoff time for tube V 2 will be 2,450 
croseconds. Since the resistor and capacitor 
ues are exactly the same, tube V j will be 
off for 2,450 microseconds during the other 
f cycle of operation. The grid and plate- 
tage values and curves will also be identical, 
difference exists in the circuit of each tube, 
arate calculations must be carried out for 
n half cycle. In this case, 2,450 + 2,450 
>900 microseconds. The frequency at which 
are waves are produced is the reciprocal of 
duration. 

F ~ 4^900 x 10-6 = 20 ^ °y cles P er second. 


rhe duration and amplitude of the positive 
[ on the grid waveform can be readily cal- 
ted from the equivalent circuit shown in (C) 
£ ure 5-3. The positive peak occurs as the 
citor is charged to a higher plate voltage, 
icitor charges through resistance that con- 
J of the plate-load resistor for Vj and the 


grid-cathode resistance of V 2 . This is a total 
of 2IK. The 1-megohm resistor carries only 
0.1 percent of the charging current and is there¬ 
fore safely disregarded. With the 0.001-/if. 
capacitor the time constant is 0.001 x 10" 
x 2.1 x 10 4 or 21 microseconds. If the charge 
requires 5 time constants, the positive peak will 
disappear after a hundred microseconds. The 
amplitude of the peak can be determined by 
using Ohm's law. The total voltage rise at the 
plate of Vi is 203 volts. This raises the grid 
voltage from cutoff of minus 18 volts to some 
positive value. Since the first 18 volts of plate- 
voltage rise changes the grid voltage to zero, the 
remaining rise above zero is 203 - 18, or 185 
volts. This causes grid current to flow and the 
voltage to divide across the series combination 
of the grid-cathode resistance and the plate-load 
resistance. As the grid-cathode resistance 
equals 1,000 ohms, and the plate-load resistance 
equals 20,000 ohms, 1/21 of the 185 volts, or 
8.8 volts appear across the grid-cathode re¬ 
sistance. Thus the positive peaks at the grid will 
be 8.8 volts above zero. Because the plate 
voltage cannot rise faster than the capacitor can 
charge, the plate-voltage rise is exponential over 
a period of 100 microseconds. 


X UiO X UUIlUO 


--- me piate 

waveshape. The positive grid at the other tube 
causes a dip in plate voltage at that tube The 
output from this circuit is normally taken from 
either plate although the grid voltage is some 
times useful. 

In the Chart (fig. 5-4) showing the effects of 
varying the sizes of the component parts ot this 
circuit, the essential data is given but the 
tailed and less important effecfs are’ omitted t 
cause of a lack of space. The effects of changw 
R L2> R g2> C 2 , and V 2 are not listed 
these effects are similar to those that re? n 
from changing R L1 , R gl , c x , and V, resp^ 
tively—except that each effect occurs with ID 
other half cycle of operation. With the 


Synchronization of the Multivibrator 

Free-running multivibrators are 
not used as such in electronic circiL £ ly 
their frequency stability is poor To a b ^^ ause 
frequency instability, multivibratorsareus-"!} 8 
synchronized with another freauenll h. Uy 
forces the period of the multivibrator ^° h 
lation to be exactly the same as the perl^ 
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Figure 5-4.—Effects of varying elements in multivibrator. 


the synchronizing frequency. Such a multivibra¬ 
tor is said to be locked-in by the synchronizing 
voltage. 

SYNCHRONIZATION WITH A SINE WAVE 

Although a waveform of almost any shape 
may be used for synchronization, a sine wave or 
a pulse is generally used. The circuit of a 
multivibrator which is synchronized by the in¬ 
jection of a sine-wave voltage in the cathode 
circuit of one tube is shown in figure 5-5 (A). 
The actual grid-to-cathode voltage of Vi, which 
is the voltage controlling the flow of plate cur¬ 
rent, is the difference between the grid-to- 
ground voltage e g i and the cathode-to-ground 
voltage ek- The source of sinusoidal voltage 
should have a low internal impedance, other¬ 
wise the plate current of Vi flowing through 
this source causes a voltage drop which alters 
the sinusoidal shape of the wave. Sometimes a 
low-voltage winding on a power-supply trans¬ 
former, such as a filament winding, is used to 
supply this control voltage. 

If the multivibrator in (A) of figure 5-5 were 
balanced and running freely, the waveform of the 
voltage at the grid of Vi would be that shown 


between times to and ti in (C). Because there Is 
no synchronizing voltage applied between these 
two times, the cathode voltage will be con 
at ground potential as shown in (B). At time l» 
when the synchronizing voltage is suddenly ap- , 
plied, the cathode potential starts to vary sinus 
oidally. Although this variation does not affec 

the voltage on the grid with respect to ground, 

grid-to-cathode potential contains this sinusoi 
component of voltage. Therefore, the effec v 
cutoff voltage of the tube varies sinusoi a y 
about the normal value in phase , \ 

synchronizing voltage on the cathode. The catn j 
voltage ek and the effective cutoff voltage eco» i 
shown at (C), explain the synchronizing action y 
showing that Vi conducts when the egl cur ! 
crosses the e co curve. fn 

At time ti the voltage of the cathode starts^ 
rise, decreasing the conduction of Vl- 
positive-going voltage produced at the P la *®. 
Vi initiates the switching action, and the tube 
quickly cut off. Thus e g i drops along tl in¬ 
stead of DE as it would in the free- running con¬ 
dition. Capacitor Ci discharges exponent# J 
along curve CFG. Since this curve intersec 
the e co curve at F, the switching action, J 
which Vi is made conducting and V2 i s c 
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Figure 5-5. -Synchronization with sine wave 
on cathode. 

p * ace a t this time instead of a short 
v • e i* TllUS sw *tching takes place at 
? „ ln£?tead of at G as would be the case in a 
JZT* multivibrator. The switching 
rrent h* ** Vj positive, but the grid 

id rL raWn l quickl y charges so that the 
vpd nS to cathode potential. If e e i fol- 
re tJO!™* as ** would if the multivibrator 
, e runiun S> the grid would draw current 
hnrtl u s y nchr onizing voltage causes the 
ie Thpr^f negative relative to ground at this 
• refore, egj follows the cathode voltage 

rispTh 76 Wllen cathode voltage begins 
, me plate current through Vi starts to 
Plat 6 ' f time K the rise in voltage at 
te pur ° *. resu lting from the decrease in 
intn ? as Income large enough to drive 

tched. uction » and the tubes are very rapidly 


<3? u ? the multi vibrator is forced to 
be somewhat shorter than the length of the free- 
running cycle by the action of the sine wave. 
Thus switching in one direction occurs at points 

* ’ * » . » and so f°rth, and switching in the 

other direction occurs at K, K T , K", and so 
forth. The period of the multivibrator, KK T or 
F r F", is seen to be equal to the period of the 
sine wave after the short transition interval* 
therefore, the multivibrator may be said to be 
synchronized. A sine wave can thus be used to 
control the frequency of a multivibrator. The 
synchronizing voltage can make the multivibra¬ 
tor operate either above or below its natural 
frequency. However, if an attempt is made to pull 
the multivibrator to higher and higher fre¬ 
quencies, a limit is reached beyond which the 
multivibrator synchronizes to one-half of the 
driving frequency. Similarly, the multivibrator 
may synchronize to one-third or a smaller frac¬ 
tion of the driving frequency and FREQUENCY 
DIVISION may be obtained. 

When the sine-wave synchronizing voltage is 
applied to the grid instead of the cathode of one 
of the tubes of the multivibrator, (fig. 5-6 (A)), 



(a) synchronization at grio 



Figure 5-6.—Synchronization with sine wave 
on grid. 
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the synchronizing voltage as shown adds directly 
to the grid voltage. Consequently, the gria- 
voltage waveform does not resemble that of a 
free-running multivibrator. Without the syn¬ 
chronizing signal, the multivibrator is free 
running and the grid waveform appears as shown 

between t 0 and t\ in figure 5-6 (B). The syn¬ 
chronizing voltage is applied slightly before time 
ti in the random phase shown, but because of 
grid limiting, it has no effect until Vf cuts off at 
its natural time tf. Between C and D the 
synchronizing voltage adds to the normal dis¬ 
charge voltage which would rise along curve EF, 
and result in the distorted curve shown. Since 
the synchronizing frequency is higher than the 
natural frequency of the multivibrator, the dis¬ 
torted curve reaches cutoff sooner than curve 

EF. 

When Vf is conducting during the time be¬ 
tween G and H, grid limiting occurs and pre¬ 
vents the synchronizing voltage from adding to 
the grid voltage. However, when the synchro¬ 
nizing signal drops below zero voltage and starts 
to decrease the voltage on the grid, the multi¬ 
vibrator regenerative action rapidly cuts off 
VI. Since the action occurs at the same time, 
H, on each cycle of the synchronizing signal, 
the multivibrator is forced to operate at the 
synchronizing frequency. This latter action oc¬ 
curs in this way only when the synchronizing 
frequency is higher than the natural frequency 
of the multivibrator. 

The first cycle of the synchronizing signal 
between and H will not, in general, be the 
same shape as the steady-state waveshape. The 
shape of this cycle depends on the time and 
phase at which the synchronizing signal is ap¬ 
plied. The waveshapes in (B) of figure 5-6 show 
only one of many possible waveshapes for the 
first cycle. After one or two cycles, however, 
the multivibrator adjusts itself to a steady- 
state condition in which it operates so that the 
phase relation between the synchronizing signal 
and the multivibrator output is correct. 


is locked in by the trigger pulses derived from 
the radar transmitter. These pulses may b 
either positive or negative. Note the effect of 
positive pulses on the multivibrator grid wave¬ 
form in figure 5-7. A positive pulse, such as at 

points B or C, when applied to a tube that is 
already conducting, serves to cause oriy a 
momentary increase in current flow. TOUS, A 
POSITIVE TRIGGER PULSE APPLIED TO A 
CONDUCTING TUBE OF A MU^mBRATOR 
HAS NO EFFECT ON THE ACTION OF THE 
MULTIVIBRATOR. 


SYNCHRONIZATION WITH A POSITIVE PULSE 


Although multivibrators can be synchronized 
with a sine-wave voltage, a more satisfactory 
method of synchronization is obtained by the 
use of short trigger pulses. An application of 
this circuit is often found in remote or repeater 
radarscopes. The sweeps of the PPI are gener¬ 
ated by a free-running type multivibrator which 


+ 

TRIGGER 0 



CUTOFF I 


Figure 5-7.-Synchronization with positive 

pulses on grid. 


However, when a positivetriggerI 
plied to a nonconducting tube and is ofsuf 
amplitude to raise the grid above cutoff, a i 
pulse at D, the tubes are switched as cure 
starts to flow in the tube which was former y 
cut off. If the trigger pulse occurs at . ^ i 

such as A, the grid voltage will not ris 
off as shown at A’, and the switching a TRTGGER 
not be started. THUS A POSITIVE 
PULSE APPLIED TO A NONCONDUCOT 
TUBE IN A MULTIVIBRATOR CARC*- 
SWITCHING ACTION TO TAKE PLACE u 
IF THE PULSE IS LARGE ENOUGH TO R 
THE GRID ABOVE THE CUTOFF VOLlA * 
With the exception of the trigger P^ se ®’ 
grid waveform illustrated is that of a L 
running multivibrator until time D. The p 
pulses which occur at D drive the gr* , g 
cutoff, so that the cycle of the multivi 
shortened by an amount equal to EF. 
for proper synchronization to take p a . ’than 
period of the multivibrator must be £ re8 
the interval between trigger pulses. 
trigger pulses cause the multivibrator to 
earlier in the cycle than it would if . 
running. As a result, the grid has not re ^ 
cutoff by time G when the next trigger P. tor 
applied. Thus, the frequency of the multivi 
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is forced to be the same as the repetition fre¬ 
quency of the trigger pulses, and the multivi¬ 
brator will be switched consistently at time G 
after the transition is made from the free- 
running condition. 

SYNCHRONIZATION WITH A SUBMULTIPLE 
OF TRIGGER FREQUENCY 

A multivibrator may also synchronize to a 
submultiple of the trigger frequency. As shown 

^ SgT® 5 f 8 ' t 5 igger A ca uses switching of the 
multivibrator, but triggers B and C have no ef- 

pr>nrt,^H Ce m 6 ? are applied whe n the tube is 
conducting Trigger D is applied when the tube 

but lt is not lar ge enough to 
stert conduction so that the next pulse to cause a 
switching action is trigger pulse E. In the case 

f T th trigger P^e switches the 
multivibrator so that the repetition frequency of 
, multivibrator is one-fourth of the trigger 
pulses. 



Figure 5-8. —Synchronization at a sub¬ 
multiple of trigger frequency. 

throulh^ 8 ^ the 0utput of this multivibrator 
obtainpri eren tiator, a count-down circuit is 
^ combination of a submultiple 
Produce« ^ ““^vibrator and a differentiator 
°ther for each four trigger pulses, 

obtained P ®s of a pulse count-down may be 

the multiWbratorf ing ^ R ° tim ® constants of 


SYNCHRONIZATION WITH NEGATIVE PULSES 

fculthdw 6 pulses can toe used to trigger a 
shZ ^ «° r as c we11 as Positive pulses. As 
gure 5-9, the first few cycles of the 
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Figure 5-9.—Synchronization at grid with 
negative pulses. 

waveforms show the voltage variations that take 
place at the grids of a free-running multivi¬ 
brator. As shown at B and B’ and at C and C f 
A NEGATIVE TRIGGER PULSE APPLIED TO A 
NONCONDUCTING TUBE OF A MULTIVIBRA¬ 
TOR HAS NO EFFECT ON THE OPERATION 
OF THE MULTIVIBRATOR. However, if the 
negative trigger pulse is applied to the conduct¬ 
ing tube, that tube operates as a single-stage 
amplifier and applies a larger positive pulse to 
the grid of the nonconducting tube. The negative 
trigger pulse A reduces the grid voltage of Vi, 
as at A T , causing an increase in e g 2, as at A”. 
Since the change of e g 2 is not sufficient to cause 
switching, trigger pulse A has no effect on the 
circuit. When a trigger pulse occurs in a later 
phase relative to the positive alternation ofe g i, 
as at D', the amplified pulse applied to V 2 at D" 
raises the grid „ above cutoff, exactly as if a 
positive pulse were applied directly. THUS A 
NEGATIVE TRIGGER PULSE APPLIED TO THE 
CONDUCTING TUBE OF A MULTIVIBRATOR 
CAN SYNCHRONIZE THE MULTIVIBRATOR 
PROVIDED THE AMPLIFICATION BY THE 
CONDUCTING TUBE PRODUCES A RESULT¬ 
ANT POSITIVE PULSE LARGE ENOUGH TO 
RAISE THE GRID VOLTAGE OF THE NON¬ 
CONDUCTING TUBE TO CUTOFF. Note that 
it is not necessary for the negative trigger to 
reduce the grid voltage of the conducting tube to 
cutoff. 

The synchronization voltage can be intro¬ 
duced at the plate as well as at the grid and 
cathode. The voltage has very little effect on the 
plate current of the tube to which it is intro¬ 
duced but has the usual effect on the other grid. 
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The coupling capacitor transfers the synchro¬ 
nizing voltage to the other grid. Therefore, 
introducing a pulse of a given polarity at the 
plate of one tube has the same effect as in¬ 
troducing the pulse with opposite polarity on the 
grid of the same tube. 


Improving Circuit Action 

There are a number of slight changes that 
can be made in the basic plate-coupled multi¬ 
vibrator circuit to improve its stability and out¬ 
put waveshape. One is to return the grids to a 
positive voltage, and another is to use series- 
limiting resistors. 


returning the grids to a positive 

VOLTAGE 

Returning the grids to a positive voltage im¬ 
proves the stability of a plate-coupled multivi¬ 
brator. In this arrangement, the grid-leak re¬ 
sistors are often connected to the source of plate 
voltage, or the grids are returned to B plus. 
Under this condition the grid-current flow 
causes the B-plus potential to exist mostly 
across the resistor while the grid-to-cathode 
voltage remains within a fraction of a volt or 
zero. When the plate voltage of the other tube 
drops, the capacitor discharges as usual, with 
a current that is high enough to drive the grid 
negative by the amount of the plate -voltage drop. 
Due to this condition the exponential discharge 
of the capacitor appears as though the capacitor 
were charged to the plate-voltage drop plus the 
plate-voltage supply. The net result is that 
the curve shown in figure 5-10 (A), resulting 
from the negative peak value to cutoff, is much 
more linear due to the fact that a smaller 
percentage of the discharge curve is used. 

Returning the grids to a positive voltage 
produces an advantage in that the discharge 
curve strikes cutoff at a more nearly vertical 
angle. This means that if variations of voltage or 
temperature in the circuit affect the relation of 
the waveshape to the cutoff value only a small 
change of time will occur. In contrast, study the 
grid-voltage curve in (B) of figure 5-10 where 
the grid resistor is grounded. The discharge 
curve is almost parallel at the cutoff value. In 
this case a small variation of the cutoff value 
will cause a large time change. In conclusion, 
then, returning the grids to B-plus decreases 




Figure 5 - 10 .-Improving the basic circuit. 


the CHANGE in duration of pulses and tl j® 
free-running frequency for a given c £ 
circuit constants. f the 

You can increase your understand^ £ 
effect of returning the grid to B P luS by “ ir „ 
quantitative analyses and studying equivalen 
cuits. In figure 5-11 (C), notice the e( l , g 
charging circuit of Ci during the timeth 1 
conducting. In (B), the parts of the cir <; ui 
volved during the charge of Cl are sho • 
the grid-cathode resistance is very small, 
pared to the grid-leak resistor, it can 
resented as a direct connection, producing, 
equivalent circuit in (C). Here R2 is J* e „ 
small; as a result the capacitor wil e 
charged before tube V 2 starts to conduc . ’ 

at the time Vi is cut off, capacitor Cl 
charge of 300 volts. The discharge cir 
Ci is shown in (D). V 2 is conducting during 
time, causing a voltage of 203 volts across 
load resistor R2- A closed circuit is 
as shown in (E). The voltage across the ^ 
resistor may be considered as a sour * 
voltage, or battery, which is of a polari y ^ 
the capacitor in causing current flow. T e g 
voltage across the resistor R 3 become 
capacitor charge plus the load resistor v « 
(300 + 203 = 503 volts). The grid end of re»i 
R 3 is 503 volts negative with respect to tn ^ 
connected to 300 volts. As a result, the g 
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(c)eQUIVAIENT charging circuit 



(Discharge circuit 



( E) EQUIVALENT DISCHARGE CIRCUIT 


Figure 5-11.-Effect of returning grid to B plus. 


is 203 volts negative with respect to its 
lode. 

Since the direction of capacitor current is 
irsed, the plate-voltage source will aid the 
torge of the capacitor. When a source is 
lected to a charged capacitor with a polarity 
discharges it, the capacitor will com¬ 
ply discharge and recharge to the new voltage 
Ji one long exponential curve. In this case, 
curve will have the same amplitude as it 
d if it charged from zero to 503 volts. The 
tong slope is as shown in figure 5-10 (A). Of 
se > the slope due to the more rapid dis- 
ge will go through zero earlier if the same 
is used. Therefore a longer RC must be 
when grid resistors are returned to a 


positive voltage than is used when the resistors 
are returned to ground, for the same duration 
of output pulse. 


CRIES-LIMITING RESISTORS 

The use of series-limiting resistors in the 
•id circuits of this multivibrator increases the 
mareness of the waveshapes. In the circuit 
lown in figure 5-12, these resistors are R 5 and 
r The first half cycle of the plate and grid 
aveshapes shown is without the S rid '^ i ^ 11 ^ 
^sistors in the circuit, and the second half 
jcle is with R 5 and R 6 in the circuit. Note that 
e grid does not go positive when resistors 
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Figure 5-12.—Using series-limiting 
resistors. 


are provided. When the other plate becomes 
more positive most of the voltage change occurs 
across the grid-limiting resistor while only a 
small fraction of a volt exists between the grid 
and cathode, provided the grid-limiting resistor 
is of the order of 500Kor more. The plate that is 
going positive cannot normally rise in voltage 
any quicker than the coupling capacitor can 
charge. So in the normal circuit, the plate wave¬ 
shape resembles the coupling capacitor charging 
curve. When grid-limiting resistors are in¬ 
serted, the limiting resistor is in series with the 
low grid-cathode resistance. These two resis¬ 
tors and the grid-leak resistor form a high- 
resistance circuit for the capacitor to charge 
through. The circuit is like the trapezoid sweep 
generator in that a “jump” voltage will occur 
across the limiting and grid-leak resistors. 
Then the exponential rise will start from there. 
In the waveshape of this illustration, the jump 
is about 90 percent of the total amplitude, with 
only slight rounding of the leading edge of the 
pulse. 


The Driven Plate-Coupled Multivibrator 


You previously saw how the multivibrator 
circuit can be used either as a free-running or 
as a synchronized square-wave generator. The 
circuit can also be used as a monostable or one- 
shot multivibrator. This is accomplished by 
holding the circuit inoperative until a pulse is 
applied to trigger or drive it into operation for 
one cycle and then return it to the inoperative 
condition. 

The one-shot multivibrator circuit shown in 
figure 5-13 is the same circuit that you pre¬ 
viously studied except that here 50 volts of bias 
is placed on the grid of This bias keeps 

Vi normally cut off and permits V 2 to conduct 
continuously. However, the circuit will operate 
for one cycle if a voltage is applied to the gri 
of Vi with sufficient amplitude to raise the gn 
voltage above cutoff. Since cutoff is minus 
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Figure 5-13.—One-shot plate-coupled 
multivibrator. 
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volts, the required amplitude must exceed 50 
minus 18, or 32 volts positive. Any voltage of 
^ more than 32 volts at the grid will cause Vj to 
™ conduct. The resultant drop in plate voltage at 
^ Vi is amplified around the circuit until Vo is 
I 11 cut off, thus placing the plate of V£ at supply 
* volta ? e level. V 2 remains cut off for the usual 
^ lime and then starts to conduct, driving the 
& grid voltage at Vi far below cutoff. Because the 
p charge on the Vj coupling capacitor leaks off to 
minus 50 volts, which is still below cutoff, the 
cycle stops as Vj cannot conduct again. The 
® Illustration shows that a positive pulse is ap- 
i' Plied to the grid to start conduction. One posi- 
it tive square wave is generated at the plate of 
3 V 2 for the one pulse. Note in the grid wave- 
e shape at Vj that the Vj grid voltage starts 
(! and ends with minus 50 volts. In order for the 
ji circuit to produce another square wave, another 
i pulse must be applied to the grid. 

Other methods have been successfully used to 
keep the driven plate-coupled multivibrator in¬ 
operative until pulsed. The circuit in figure 
5-14 illustrates one method. This circuit has an 
advantage over the circuit previously shown in 
igure 5-13 since a separate power supply is not 
required. It uses fixed bias provided by a voltage 
divider from plus 300 volts. With the values 
s own, the cathode will be 50 volts more positive 
than the grid. As cutoff is still at minus 18, 32 
.. 8 as before, be required to make the 
u conduct. When conduction starts due to a 
P se on the grid, the circuit will oscillate for 
one cycle, and then quit. 

A negative pulse can be used to start a cycle 
n either of the last two circuits illustrated 
Provided it is introduced at the plate of Vi or 
e grid of V 2 - This causes the negative pulse 
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Figure 5-14.—One-shot plate-coupled 
multivibrator. 


to be amplified and inverted by V 2 bringing the 
grid of Vi above cutoff and thereby starting 
tube operation. 


Bistable Multivibrator 

A modification of the basic plate-coupled 
multivibrator will give a circuit that has two 
stable states. Two variations of this circuit are 
shown in figure 5-15. They are similar to the 
previously discussed plate-coupled circuit (figs. 
5-13 and 5-14), except that a negative bias is 
applied to the grids of both tubes. This new ar¬ 
rangement requires a separate trigger pulse for 
each half cycle of operation. 





Figure 5-15. —Flopover and scale-of-two 
multivibrators. 
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In the flopover circuit, shown in figure 5-15 

(A) , trigger pulses from different sources are 
applied to each grid. Once a trigger from one 
source has caused the circuit to flopover, it 
then requires a trigger from the second source 
to generate the other half cycle. In other words, 
the flopover circuit responds to alternate trig¬ 
gers from the two sources. This type of circuit 
may be used in the formation of agate, which has 
the leading edge formed by a trigger from one 
source and the trailing edge formed by the 
trigger from the second source. 

The scale-of-two circuit shown in figure 5-15 

(B) has trigger pulses applied to both grids 
from a single source. Each pulse drives the 
circuit from one stable condition to the other. 
As in the previous flopover circuit, two trigger 
pulses are needed to generate each complete 
cycle. The scale-of-two circuit is sometimes 
referred to as the BINOMIAL-COUNTER. By 
using a cascaded group of scale-of-two circuits 
a scale of four, eight, sixteen, etc., circuits 
are possible. In other words one pulse will be 
derived for each four, eight, sixteen, etc., 
pulses put into the circuit. The scale-of-two 
circuit is also used for time sharing in video 
relays. In this case the gate from one tube of 
the multivibrator is used to turn one video 
amplifier on and off on alternate pulses and the 
output from the other multivibrator tube turns a 
second video amplifier tube on and off at opposite 
alternations. 


The Cathode-Coupled Multivibrator 

In the plate-coupled multivibrator, feedback 
in the correct phase to sustain oscillation was 
obtained by connecting the plate of each tube to 
the grid of the other. Feedback in the correct 
phase can also be obtained by connecting the 
two triodes as shown in the cathode-coupled 
multivibrator of figure 5-16. The usual plate-to- 
grid connection in this case is made from Vi to 
V 2 , and the cathode of the second tube is 
capacitively coupled to the cathode of the first. 
If you follow through these changes, you can see 
that feedback is in phase. Assume that the 
current in Vi is decreasing. As the plate be¬ 
comes more positive, the V 2 grid will become 
more positive and current will increase in V 2 . 
This makes the cathode of V 2 more positive. 
Since the cathode of Vi is coupled to the V 2 
cathode, the cathode of Vi will become more 
positive. Because a positive-going cathode is 



Figure 5-16.-Cathode-coupled 

multivibrator 
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like a negative-going grid, the current in Jl 
will decrease. Since the original change 
current decrease in Vj the feedback is mp 
to sustain oscillation. to 0 

Notice that in this multivibrator the 
time of the grid of the second tube is con ^ 
by the discharge of C 2 through R 2 > ^ by 
cutoff time for the first tube is contro 
the charge of the cathode coupling cap 
through the cathode resistor of the J irS ,iu g 
In order to understand the operation 
multivibrator, assume that Vi is . c 0 " 5 jjita r 
and that V 2 has been cut off by an action 
to that just described. Capacitor C 2 discn 
through R 2) r 5 , and r p of V 1( sothat the vow 
at the grid of V 2 decreases from a high n & 
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potential toward ground as the discharge current 
through R2 decreases. When eg£ rises to the 
cutoff voltage of V2, the tube starts to draw 
current through R6- The rising voltage produced 
across this resistor is coupled through Cl to 
the cathode of Vj since the voltage across the 
capacitor cannot change instantaneously. The 
positive-going voltage which is coupled to the 
cathode of Vi adds to the existing voltage across 
R5, reducing the flow of current in Vi. As i p i 
decreases, the voltage at the plate of Vj in¬ 
creases, and this positive-going voltage is 
coupled to the grid of V2 to further increase 
the current in V2. This action around the cir¬ 
cuit is regenerative, and it ends with the current 
in Vi reduced to zero and the current in V2 at 
a maximum. 

Capacitor Cj is charging toward the voltage 
existing across Rg through the path R5, r p of 
v 2, and R4 to the high-voltage supply. The 
charging current produces across R5 a voltage 
which is more than sufficient to hold Vj beyond 
cutoff. However, as the voltage across the 
capacitor rises, the magnitude of the charging 
current falls. Consequently, the voltage across 
R5 decreases and at some time it will fall 
below the value required to cut off Vi. At this 
instant, a current starts to flow through Vi, 
lowering the voltage at the plate of the tube. 
This negative-going voltage is coupled through 
c 2 to the grid of V2, causing i p 2 to decrease. 
As a result of the reduction of 1^2 and the de¬ 
crease in ek2, the voltage across R5 decreases. 
Therefore, Ci discharges through r p of Vi, 
R3> and R6 in an effort to charge in the opposite 
direction to the voltage across R5. The cumula¬ 
tive effects of the discharge of Cl through R$ 
aad the negative-going voltage applied to the 
grid of V2 combine to cut off V2 almost in¬ 
stantaneously. 

The waveshape at the important points are 
shown in figure 5-16. While Vj is cut off, a 
cathode voltage exists due to the charge of the 
cathode-coupling capacitor. The voltage is 
Visible in the waveshape e^i, as the high initial 
charging current causes a high cathode voltage, 
p* * certain positive cathode voltage the grid- 
0-cathode voltage difference will be so great 
“ttt no plate current will flow. The cathode 
Outage exceeds this value at first, but as the 
] ap acitor charges, the resistor (R5) voltage 
screases exponentially until the cutoff value is 
cached. At this instant current flows in Vi, 
"ticti, by the drop in e p i, cuts off V2- The 
scharge of C2, holding eg2 below cutoff, is the 


usual action as observed with the previous cir¬ 
cuit. When V2 is cut off, its plate voltage rises 
instantly to E^b, forming a square waveshape. 
There is no rounding of the corner because 
there is no capacitor to charge. When V2 is 
cut off, the cathode voltage tends to become 
zero, but it cannot be zero until Cl is dis¬ 
charged. Therefore, the waveshape shows first 
a sudden drop as plate current ceases, then an 
exponential drop as the capacitor discharges. 
The same discharge is indicated by the plate 
and cathode waveshape of Vj. The discharge is 
such that it makes the cathode of Vj more 
negative, so the plate voltage drops below the 
zero grid-voltage level. As the discharge pro¬ 
gresses, capacitor voltage decreases and the 
effects of it decrease. The plate voltage gradually 
rises and a slight rise of cathode voltage is seen. 

Generally speaking, increasing the size of 
any part in the circuit except Ri will lower the 
frequency. The duration of each half cycle is 
dependent upon every part in the circuit. Changing 
any one value will affect the duration of both 
half cycles. Increasing the power supply voltage 
will also lower the frequency. 

Because of the instability of this circuit 
when free running, it should be synchronized if 
it is to operate at a constant frequency or if its 
action is to be simultaneous with the action of 
some other circuit. Like the plate-coupled 
multivibrator, this circuit can be synchronized 
at either plate, grid, or cathode if the right 
polarity of synchronization voltage is used. If, 
for example, you should desire to start con¬ 
duction in the second tube at a certain time, a 
positive voltage should be applied to the second 
grid, first plate, or first cathode at that time. 
A negative pulse is required at the first grid, 
second plate, or sfecond cathode to do the same 
thing. This circuit can also be kept normally 
inoperative and be made to operate only once 
for each trigger pulse. 

The Cathode-Coupled Monostable Multivibrator 

A widely used circuit, which never becomes 
free running and must always be triggered for 
each output pulse is the one-cycle or cathode- 
coupled monostable multivibrator (sometimes 
referred to as a one-shot or single-kick multi¬ 
vibrator). As shown in figure 5-17, the circuit 
consists essentially of a two-stage resistance- 
capacitance-coupled amplifier with one tube cut 
off and the other conducting normally. The 
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• K VCXTAGE ACROSS CATHOOC RESISTOR 

• f , VCXTAGE AT n>TT Of VI 

VCXTAGE AT GRO Of V2 

• n v on age at n>n of V2 

Figure 5-17.-Cathode-coupled monostable 
multivibrator. 


balanced condition of the circuit is established 
by the arrangement for biasing the tubes. The 
grid of V 2 is connected to its cathode through 
the resistor R 2 , thus it conducts quite heavily, 
and the resultant voltage drop across R k , due to 
V 2 conducting, biases Vi to cutoff. When V 2 is 


2 . 


3. 


4. 


8 . 

9. 


not conducting, Vi cannot be cut off by the 
self-bias developed across Rk. 

The steps in the action of the cathode- 
coupled monostable multivibrator are as follows: 

I. Vi is cut off initially by the voltage drop 
produced across Rk by ip2> the plate 
current of V 2 (time A). 

V 2 is conducting heavily because its 
grid is at its cathode potential (time A). 

A positive trigger pulse (time B) suf¬ 
ficient in amplitude to raise the grid 01 
Vl above cutoff voltage, is impressed 
on the grid of Vl through Cl. 

V 1 begins to conduct and its plate voltage 

decreases. This decrease passes through 

C 2 , as the voltage across a capacitor 

cannot be changed instantaneously, ana 
appears on the grid of V 2 as a negative¬ 
going voltage. . 

5. The negative-going voltage on the gria 

of V 2 decreases i p 2* 

6. The voltage drop across Rk decreases, 

allowing more current to flow in Vl* 

7. The plate voltage of Vi is still further 

decreased« 

The grid of V 2 goes more negative. 
This action is repeated until V 2 13 ® 
off and then Vi is conducting heavily- 
The switch from V 2 to Vi is P rac 
instantaneous. „.. „ ollBP 

10. V 2 begins to conduct (time C)bec 
the charge on C 2 has decreased to cuton. 

II. The plate current of V 2 flowing th 
Rk, raises the cathode voltage 01 b 
thus reducing its plate current. 

12. The decreased plate currentofVl ali0 
the plate voltage of Vj to increase* ^ 

13. This increase is coupled to the gri 

V 2 , increasing still further its P 
current. . -mi 

14. The action described is repeate 

V X is cut off and V 2 is conducting 
heavily. This action also is prac 
instantaneous. .^1 

The circuit has now come back to its or g 
balanced state and will remain so until ano 
positive pulse arrives and causes Vi to con _ 
When applied to the input of the monos 
multivibrator, every positive trigger pulse w 
causes Vi to conduct results inalargeposi ' 
pulse output from the plate circuit of the sec 
tube. The length of the positive-output P 
produced at the plate of V 2 is controlled y 
time constant of C 2 times R2* K larger va 
of C 2 and R 2 are used, the length of the pos 
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utput is increased. A positive-output voltage 
ulse is produced for each positive-input trigger 
ulse. 

IUANTITATIVE ANALYSIS 

The quantitative determination of the ampli- 
ide and duration of the output pulse is not too 
ifficult to accomplish. (See fig. 5-18.) The 
ircuit shown is the most basic one. The wave- 
hapes are similar to those in figure 5-17 except 
tiat the voltages and time intervals have been 
etermined and the waveshapes drawn to scale. 

Start by finding the voltages in the circuit 
efore the trigger pulse arrives. Check to see 
hat the 3-K resistor has Vj cut off. The circuit 
dll not work if is too small. V2 is conducting 
ue to zero bias. Now draw a loadline on the 


characteristic curve to find the voltages. In 
drawing the loadline, consider the cathode re¬ 
sistance. Any resistance in series with the tube 
will affect the current, but if the cathode re¬ 
sistor is quite small, its effect is negligible. 
You can obtain reasonably accurate results by 
disregarding the cathode resistance when it is 
less than 10 percent of the load resistance. When 
it is 10 percent or more, sketch the loadline 
for the total cathode and load resistance. In the 
case of V 2 in this problem, the cathode re¬ 
sistance is exactly 10 percent of the load re¬ 
sistance; so the loadline is drawn for 3OK + 3K 
= 33K. Check the plate current and plate voltage 
at the intersection of the loadline and zero grid 
bias. The plate voltage appears to be 73 volts 
and the current 6.9 ma. Knowing the current 
through Rfc, find the voltage across it. 



Figure 5-18.-Quantitative analysis of cathode-coupled monostable multivibrator 
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(E = IH, ipRk = 0.0069 x 3,000 = 20.7 volts.) Cut¬ 
off is 18 volts, as read from the curves, so the 
first tube is actually cut off, and the circuit 
will function. 

Now proceed with the calculations. The wave¬ 
shape shown is the plate-to-ground voltage while 
the characteristic curves showplate-to-cathode 
voltage. So you must add the cathode voltage 
above ground to the plate voltage to find the 
actual plate-to-ground voltage. Since the cathode 
is 20.7 volts above ground, add this to 73 to get 

93.7 volts at the plate of V 2 . To simplify the 
picture, the waveshape at the grid of V 2 shows 
the voltage at the grid with respect to the 
CATHODE rather than ground. In the waveshape 
of cathode voltage shown, notice that before the 
trigger pulse arrives, the cathode voltage is 

20.7 volts as previously calculated. 

Now, determine the voltages in the circuit 
immediately after the trigger pulse and switch¬ 
over has occurred. During this time, the second 
tube is cut off so the plate voltage there is 300 
volts. The first tube is conducting as much as a 
self-bias 3-K resistor will allow. To find this 
value, a loadline and bias line are required. 
Since 3K is less than 10 percent of 50K, the 
loadline can be drawn for 5OK only. For the 
bias line, assume different values of current, 
find the bias, and plot the points on the charac¬ 
teristic curves. For example, if the current is 
2 ma., the bias would be ipRk> or 0.002 x 3,000, 
or 6 volts. To plot this, find the 2 ma. current 
line and the 6-volt grid-voltage curve (point A). 
Assume a second current of 4 ma. The bias is 
12 volts if 4 ma. flows through the 3-K resistor. 
Mark the intersection of the 4 ma. current line 
and 12 volts grid-voltage line (point B). Draw a 
line through these points and where the bias line 
intersects the loadline is the operating point 
for the tube. According to the illustration, it 
appears that the bias or cathode voltage is 8 
volts. The plate-to-cathode voltage is 180volts. 
So the plate voltage has changed from 300 to 
180 plus 8, or 188 volts. The change is 112 volts 
in the negative direction. The capacitor must 
discharge by this amount through the 500-Kgrid 
resistor R 2 . The new plate voltage at V* is 
shown on the e p i curve. 

The grid voltage at V 2 goes from zero to 
negative 112 volts at the switchover time, then 
decreases exponentially toward zero. This holds 
V2 nonconducting until the voltage decreases 
below cutoff. From the curves, cutoff is minus 
18 volts. In order to calculate the time of this 
exponential decrease, the RC must be known. C 


is given as 2,500 /x/xf. The grid resistor of 500K 
can be considered as the total R for ap¬ 
proximate calculations, but the current flows 
through the 500-K resistor, then through two 
parallel paths in returning to the capacitor. One 
path is through R k , the power supply arid R 3 m 
series. The other path is through the tube. 
Assuming the internal resistance of the power 
supply is zero, the first path has a resistance 
of 53K. The other parallel path, through the 
tube, has a resistance which is somewhat 
variable due to bias change during the discharge, 
but is quite near the value determined by 
dividing the plate voltage by the plate curren , 
From the curves, the plate voltage is 180 volts, 
the plate current 2.5 ma., both at the operating 
point with 8 volts bias. Since r p = e p/ipM ne 
tube resistance is 180/0.0025, or 72K. This 
parallel combination (with a net resistance 01 
30.5K) is in series with the 500-K resistor 
form an equivalent circuit as shown in 
equivalent discharge circuit. From this equi 
lent circuit you can see that the values for 
termining time constant are as follows. 


p 

j&i 


u 


l*« 


51 


e g 2 cutoff = -18 volts 

e ff 2 max. neg. = -112 volts 

s r = 530.5K 

C r 2,500/x/xf. 


The capacitor will discharge from minus 
112 volts to minus 18 volts, which represents 
drop of 112 minus 18, or 94 volts. The per¬ 
centage of discharge equals 94/112 or P 
cent, thus the capacitor will have 100 min 
or 16 percent of full charge left when V 2 s 
to conduct. From the universal time c01 J® 
chart (fig. 4-32), for 16 percent of full charg 
it is found that 1.82 RC’s are required, y 

RC = 530.5K x 2,500^/xf. or 1,326 microseconds. 

Then 1.82 RC’s = 1.82 x 1,326 = 2,413/xS t ' 
The positive square wave at the second p 
will have a duration of 2,413 microsecon 
its amplitude will be 300 minus 93.7, or l 
volts. dof 

The circuit switches over again at the en 
2,413 microseconds. V 2 conducts, raising 
cathode voltage to 20.7 volts, cutting g 

plate voltage of Vj goes to 300 volts as fa 

the capacitor can charge . The capacitor charg 

current raises the grid of V 2 a p ° SI oq '7 
voltage momentarily and the cathode above ^ 
volts momentarily. This in turn cause! L e 
momentary dip in the plate voltage at V2- 
amplitude and duration of these moment j 
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barges can be calculated by using the same 
irocedure outlined for the plate-coupled multi- 
ibrator. 

A trigger pulse of a large voltage will cause 
he dip shown by dotted lines in the waveshape of 

plate and V 2 grid in figure 5-18. This dip is 
n amplified version of the trigger pulse and 
asts no longer than the trigger pulse. It does not 
ffectthe discharge time of the capacitor. If the 
rnlse is of the minimum amplitude required to 
rigger this circuit, this dip will hardly be 
lOticeable. Experience has shown that the trig- 
;er pulse should be of the lowest possible ampli- 
ude consistent with reliable operation. 

The duration of the output pulse can be varied 
rom time duration of the trigger pulse to the 
ime between pulses. If attempts are made to 
nake the pulse longer than the time between 
)ulses, the second pulse may not start a new 
:ycle, and the circuit would operate on every 
)ther trigger pulse, and count-down would occur. 


EFFECT OF VARYING CIRCUIT ELEMENTS 

The usual method of varying the output pulse 
width is to vary the size of the RC in the grid of 
V 2 . The pulse width will increase with the 
resistance of R 2 and the capacity of C. Another 
result is that the amplitude of the output pulse 
will increase with an increase of the plate-load 
resistor. Notice these effects in the chart in 
figure 5-19 which summarizes the effects of 
varying the circuit elements in the monostable 
multivibrator. 

The stability of the pulse width from this 
circuit is improved by returning the grid of V 2 to 
B plus. The capacitor discharges at a higher and 
more nearly linear rate below the cutoff value, 
causing the slope to be steeper at cutoff. 

Although the trigger pulse is applied to the 
first grid in this circuit, the circuit can also be 
triggered at the plate of the first tube or the 
grid of the second tube if a negative pulse is 
used. The action will be the same. 
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Figure 5-19.—Varying elements in monostable multivibrator. 
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Figure 5-19.-Varying elements in monostable multivibrator-Continued. 


The monostable multivibrator (fig. 5-20) is 
used in a radar set to produce a pulse of meas¬ 
ured duration which drives a sawtooth sweep 
generator. The basic circuit is modified several 
ways to produce this more efficient circuit. A 

third tube is incorporated in the circuit to isolate 

the multivibrator from the source of trigger 
voltage and to amplify and sharpen the pulse. 
This third tube (V 3 ) is biased beyond cutoff so 
that it acts as an open circuit at all times except 
when a trigger pulse is on the grid. The grid of 
the first tube (Vi) has about plus 14 volts on it 
from the plus 300-volt voltage divider, while 
the grid of the second tube (V 2 ) is returned to 
plus 300 volts through a large resistor. The 
current through V 2 and the cathode resistor is 
high enough to cut off the first tube in spite of 
the positive voltage on Vi grid. This positive 
voltage partly determines the duration of the out¬ 
put pulse. The circuit operates in this way—a 
positive trigger pulse, simultaneous with the 
transmitter pulse, is applied to the grid of V 3 . 


This tube is called a CLIPPER since a 22 -volt ? 
bias keeps it cut off and only the peako \ 

trigger pulse causes conduction. Due to amp 5 

fication in V 3 , a large negative-going c arg < 
appears in the plate circuit. This is c0U P 
through the 0.03-/2f. capacitor to the grid of 2- | 
The current in V 2 is reduced, Vi conducts, j 
added drop cuts off V 2 , and the discharging 
capacitor keeps V 2 cut off. . « ! 

When the capacitor discharges down to cu : 

for V 2 this tube would conduct, ending the °mp 
pulse. However, this is the sweep circuit an 
pulse should end when the spot reaches the rang 

mark for maximum range. So a voltage is 
back to this multivibrator at the time the sp 
reaches the last range mark. This voltage, 
negative pulse, applied to the grid of Vl. ^ 
reduces the current in Vi, and the smallchang 
is amplified around the circuit to cut off 
causes V 2 to conduct again. Dotted lines in me 
V 2 grid waveshape show the normal change ov® 
time, which is always later than the sweep-stop 


146 


Digitized by t^.ooQle 






















Figure 5-20.—Application of monostable multivibrator. 


nUttriw!! sy ®‘ em 01 stopping the swee] 
c M r th a voltage from the sweep de' 
vee n ,wf» ^ mplifies the ad i u stments in the 
p circmt. When the range switch is posi- 

5 J * M chan « e the Nation of the sweep, nc 
*Pfi multivibrator is changed. But the 
, * h ! spot movement is changed so it 

cnes the last range mark at a different time 
ne stop-puise cuts off the multivibrator 
Isp h r * Gnt time * Thus, the duration of the 
in the eter f nined by the sweep circuit rather 
You °* the multivibrator circuit. 

• muqt i that a bard-tube sawtooth genera- 
its irrirt d Ji7 en a ne &ative square wave 
, m *M Q ’ positive square-wave output 
I invPrt?w 0I l? Stable . muitivibrator is amplified 
3 d tn the by a triode amplifier, then is ap- 
e sweep-generator tube in the normal 


! ^ A DELAY CIRCUIT 


lt i 0 a ™l Gn to P r °ducing pulses of a certain 
) S nopfj * n I ?,? 1 ? fltable multivibrator is some- 

raS s ? h delay ” a pulse - For example, «» 
sec, the process of causing the trans¬ 


mitter to operate consumes about 5 micro¬ 
seconds, and the transmitter pulse occurs 5 
microseconds after the original trigger pulse. 
While the sweep voltage in the indicator circuit 
must start at the same time as the transmitter 
pulse, the original pulse is used for the sweep 
voltage so that both the sweep and transmitter 
pulses occur at the same frequency. However 
since the original synchronization pulse would 
start the time base 5 microseconds before the 
transmitter operates, it cannot be used directly. 
Instead, it must be "‘delayed” 5 microseconds.* 
The monostable multivibrator can introduce the 
delay. The usual multivibrator circuit is used, 
with a transformer input, as shown in figure 5-21! 
The input pulse is negative and occurs five micro¬ 
seconds before the transmitter signal. Due to 
the transformer connections, the polarity is 
reversed and the circuit is triggered by the re¬ 
sulting positive pulse. The usual square wave ap¬ 
pears at the second plate, with the duration ac¬ 
curately measured by the RC circuit at the grid. 
The output transformer, T 2 , features a short 
L/R time constant, so the square wave is dif¬ 
ferentiated in the secondary. Again by selecting 
proper secondary connections, the second peak 
can be made negative. 
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Figure 5-21.—Monostable multivibrator as delay circuit. 


So the original negative peak is replaced by a 
similar negative peaked pulse which is delayed 
5 microseconds. The delay need only be adjust¬ 
able over a narrow range, so the plate-load 
resistor of the first tube is variable. 


The Phantastron Circuit 

The phantastron is another circuit which is 
used to delay a timing pulse. It is classed as a 
medium precision delay circuit. Its operation 
and output are very similar to those of the 
monostable circuit. Under power supply voltage 
changes it is quite stable because its operation 
depends on the fact that there are specific d-c 
voltage relationships between the tube elements. 
Any variation of source voltage varies all these 
voltages in the same proportion, causing a mini¬ 
mum change in the voltage relationship since all 
voltages are supplied by voltage dividers across 
the same voltage source. The phantastron has 
the unique advantage over multivibrator circuits 
in that the pulse width, or delay, varies directly 
with one of the d-c applied voltages. This control 
by a d-c voltage makes remote control feasible 
at any distance through unshielded power cable 


since there is no signal present in the control 

circuit. .. p 

Study the basic phantastron circuit in ngur 
5-22. This circuit is never free running an 
usually triggered by a negative pulse * 
control grid (grid No. 1). Consider r 
conditions before the trigger pulse ai T , 
Grids 2 and 4, which are tied together ins 
the tube, are connected to a voltage divi e 
plus 300 volts. The normal output of the oiv 
is 86 volts. But with zero control grid voiws 
and 86 volts on grid 2,4 ma. of current wi 
to grid 2. This additional current in the vo 
divider drops grid 2 to 68.7 volts. G rl 
connected to a voltage divider which se 
voltage at 27.3 volts. This grid does no 
current because it is negative with r ® sp ® hode 

the cathode. The current through the lOKca 

resistor is 4 ma. Since the cathode is ^ 
above ground, the grid 3 to cathode voltage 
-27.3 = 12.7 volts. When grid 3 is more 1 

than 12 volts negative with respect to the ca ^ 

it prevents electrons from passing it_ in 
journey to the plate. Therefore, since the 
12.7 volts is beyond plate-current cutoff for g 
3, no electrons will reach the plate. Thu > ^ 
plate voltage is plus 300 volts. The control g 
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ejected to E bb through a 5-megohm re- 
cathJf 7 Sm f 11 grid curren t flows througl 

£££T*- but the grid voltage ma 3 

ithpr ™ ^ tbe same as the cathode voltage, 
the differe nce in potential L 
*eLoVo^? the cathode ^ zero. Grid 5, the 
no J 13 connectec i to the cathode and 
part in the operation of the circuit other 

grid^ thG normal function of a sup- 

een 06 ^ faC u° r t0 consider is the similarity 
lit v« phant astron and the start-stop 
as a c ° nsider the 6SA7 phantastron 

idnlatp a Wlthin a tube * The cathode, grid 
equivalent to the first triode in 

3lat e anrf No plate current flows to 

de i he first tube ” is cut off * The 
l is * and grid ^ for m another triode 
Ion able to second tube of the 

Sp at ° r * As mentioned previously, 

re phano- 1S c °P duct ing. Consequently, any 
which will cause plate current 


to flow in the triode that is cut off, will start a 
regenerative switching action. 

You can best understand the action of the 
phantastron when it is triggered by dividing it 
into three successive phases. The first phase is 
an extremely rapid change which ends at a first 
balance point. The second phase is a slow 
linear change which ends at a second balance 
point. The third phase is the recovery of the 
circuit to the pretrigger condition. 

The trigger pulse must have the proper 
polarity and amplitude to bring grid 3 above 
cutoff. Since grid 3 is 0.7 volt beyond cutoff, 1 
volt would do it. A negative pulse of 10 volts 
amplitude is shown. When this is applied to 
grid 1, the grid 1 voltage will drop to 30 volts. 
Cathode follower action will cause the cathode 
voltage to drop to 30 volts along with the grid. 
At this point, examine the relation between 
the cathode and grid 3. Their voltage difference 
is 27.3 minus 30, or minus 2.7 volts. Grid 3 is 
not negative enough to prevent electron flow to 
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the plate and plhte current will flow as soon as 
this grid-to-cathode voltage drops below 12 
volts. Regenerative action starts with this plate - 
current flow. The plate current through Rl 
causes a drop of plate voltage. Grid 1 is 
capacitively coupled to the plate, so the grid 
becomes more negative. This drops the cathode 
voltage still more, which in turn further reduces 
the voltage difference between grid 3 and 
cathode. The current to the plate increases, the 
plate voltage drops, and the grid is driven farther 
in the negative direction. 

Note that the plate current increase is NOT 
an overall increase in current with a negative - 
going grid. The negative-going grid decreases 
the total current slightly. But the resultant 
decrease in cathode voltage lowers the voltage 
between grid 3 and the cathode, which allows 
current to flow to the plate at the expense of 
the screen current. Grid 3 controls the DIVISION 
of current between the plate and screen grid. 
Grid 1 controls the total current. So grid 1 
decreases the total current slightly, while grid 
3 allows the plate current to increase and causes 
the screen current to decrease quite rapidly. 
The 6SA7 characteristic curve (fig. 5-22) shows 
the relation. In plotting these curves a d-c 
voltage was applied to grid 1 of the circuit in the 
illustration and varied from minus 20 volts to 
plus 40 volts. The dotted curve shows the 
resultant screen current while the other curve 
shows the plate current. Note that plate current 
(expanded in the fig.) increases by a small 
amount while screen current decreases a large 
amount as G^ goes in a negative direction from 
plus 40 volts. The sum of the two currents is the 
cathode current. It is decreasing because the 
small plate current increase is more than over¬ 
come by the large grid 2 current decrease. 

The regenerative effect just explained is 
similar to the cutting off of the first multivi¬ 
brator tube by the second tube. The cutting off 
process, however, does not go that far in the 
phantastron, for if the current to the plate were 
stopped, the plate voltage would have to rise, 
and this action would be the opposite to the de¬ 
sired feedback. The increase of current to the 
plate ends at the first balance point. This 
balance occurs when the negative-going grid 1 
voltage decreases the overall current so much 
that the plate current cannot continue to increase. 
Grid 3 is unable to divert enough electrons to 
the plate to maintain the increase of plate 
current, so the plate current stops increasing 
and becomes steady. This occurs when grid 1 


has dropped to a minus 2 volts, and the plate tali 
dropped 42 volts before the balance point 
reached. Each of these voltages is shown in ttaj 
curves, under the trigger pulse. The grid^voltage* 
has dropped to minus 2 volts. Since this is a 42- 
volt change, caused by the plate, the P latec ™ 
shows a 42-volt drop to 258 volts. The cathode 
voltage drops, due to the decrease in screen 
current, until with minus 2 volts on the grid; 
the current is 0.4 ma. The voltage at grids 
and 4 has gone up because the screen 
is decreased, reducing the drop across tte 
voltage divider and raising its voltage to 84. 

Now consider the action resulting _frorathf 

starting of the second phase. The capacity 
plate to grid at this time starts.to discharge 

the new lower plate voltage. Atthi . stll J ie q t f h h J! e 
voltage is minus 2 and the capacitor discharge 
from 300 to 260. In discharging, the gnd 
the grid resistor becomes more posit . 

increases the plate current, starting anothe 

drop in plate voltage. Grid 3 isin 
directly in this stage as it is straigh b 
action between the plate, grid 1, an 
that affects the circuit operation. Thpl 
voltage drop has an effect opposite 
discharging capacitor and thereby 1 t ; 

tive in action. The capacitor discharges 
grid goes POSITIVE, plate current mere ^ 
plate voltage drops, tending to make 
NEGATIVE. But the plate cannot drop e™ & 
exceed the positive charge at the gn . 

is the positive grid voltage that causes the P 

voltage drop. So the plate-voltage ^ 
counteracts only PART of the ^ rffeC( 
capacitor discharge, slowing the disc 
siderably. This negative feedback k P 
capacitor discharge in the most line ^ 
the exponential curve. In fact, it can 
mathematically that the time constant is « i 
ened by an amount equal to the amp g 
factor of this triode. Looking at i 

another way, the exponential curva ur 

grid is counteracted by opposite < ; urv ^, h *-j 

plate due to the inverting properties of 

tube. te 

The discharge continues at a lin ® ar . te 
shown by the plate-voltage curve ill uS 
figure 5-22. The increase in current rai * 
cathode voltage to 15.5 volts, and 
voltage is raised to plus 12 volts 
second balance point is reached. 

Remember that during all this i ’ 
screen grids (2 and 4) have been co 
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drawing current at an increasing rate. As the 
plate voltage continues to fall, there is a mini¬ 
mum point where the screen's current has risen 
sufficiently and the plate voltage has dropped 
to the point where the cathode potential is now 
high enough, in relation to the fixed potential on 
grid 3, to prevent any further increase in plate 
current. This occurs at about 108 volts on the 
plate. This point is also the peak of the plate- 
Current characteristic (fig. 5-22). To the right 
of this peak, the plate current decreases and 
the screen current continues to increase. The 
screen grid’s increasing current raises the 
cathode bias, thus the plate current stops in¬ 
creasing and levels off. This leveling off initiates 
the rapid switchover to recover the circuit to 
pretrigger condition. 

When the plate current levels off, the voltage 
stops decreasing at the plate. With the counter¬ 
acting effect of the plate drop removed, the 
capacitor discharge raises the grid 1 voltage 
at a very rapid rate. The positive-going grid 1 
increases the current from the cathode, which 
raises the cathode voltage. This has the same 
effect as making grid 3 more negative; so grid 
i3 reduces the current to the plate. Actually, it 
is dividing the increasing current in favor of 
ithe screen grids. The screen current increases 
tremendously while the plate current is actually 
decreased. The plate voltage starts to go in the 
positive direction. This is coupled to the grid 
by the 500- mil. capacitor to make it go in a 
positive direction. The cathode voltage is raised 
9ome more, which brings grid 3 closer to cutoff, 
'■educing the plate current more and raising the 
)late voltage. This regenerative action con- 
toues until grid 3 is beyond cutoff—which stops 
date current completely. During this regenera¬ 
te action, the grid voltage has increased as 
ast as ^e plate voltage, so no change in voltage 
‘ccurs. But when the grid reaches plus 40 volts, 
"® Pkte current reaches zero and the grid no 
^ger affects the plate voltage. Thus, as the 
r jd voltage jumps from 12 to 40, the plate- 
°ltage curve shows a 28-volt jump from 108 
’ volts. When the grid voltage reaches a 
instant value, the plate rises only as fast as 
l ® capacitor can recharge along a slow ex- 
jential curve up to plus 300 volts. The cathode 
a ge rises immediately with the grid voltage 
e screen grid voltage drops at recovery 
because of the increased screen current. 
Now consider the circuit from the viewpoint 
* is ready for the next trigger pulse. The 
aton °f operation, and consequently, the 


duration of the negative pulse on the cathode, is 
fixed in the circuit shown. This pulse width is 
determined essentially by the R-C in the grid 
1 circuit, the plate voltage, and the gain of the 
triodes involved. 


CHANGING PULSE WIDTH 

The duration of the pulse is generally made 
variable by applying a d-c voltage to the plate 
from a potentiometer. The circuit is as shown 
in figure 5-23. The potentiometer can select any 
voltage from zero to plus 300 volts. A diode is 
inserted in series to disconnect the phantastron 
plate from the low-resistance potentiometer 
during the operation of the circuit. Before the 
trigger pulse, the plate voltage and voltage at 
the arm of the potentiometer are the same be¬ 
cause the load resistor is so large and the cur¬ 
rent from the potentiometer so small that there 
is little voltage drop in the diode plate. When 
the circuit operates, the plate voltage drops im¬ 
mediately, the diode plate becomes less positive 
than its cathode, and diode current stops. The 
potentiometer-diode circuit has no further ef¬ 
fect on the operation of the phantastron. 
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Figure 5-23.—Changing pulse width in 
phantastron circuit. 
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To see how the potentiometer affects the 
pulse width, study the effect of varying the 
position of the potentiometer contact. With the 
plate voltage at plus 300 volts, the situation is 
as previously described. But when this plate 
voltage is reduced to plus 240 volts by means of 
the potentiometer, the pulse width is decreased. 
The plate voltage drops the same 42 volts at the 
time of the trigger pulse since the grid drops 42 
volts to the first balance point. Then the slow 
linear voltage decrease occurs. The slope of 
this decrease is the SAME regardless of plate 
voltage. This terminates at the same 108 volts 
as the 300-volt waveshape. So the amount of 
linear decrease is less, which decreases the 
time required to reach 108 volts. If the poten¬ 
tiometer is set so the plate voltage is 170 volts 
before the pulse, the plate will again drop 42 
volts, and follow the SAME slope to 108 volts. 
Again the amplitude of the slope is decreased so 
the slope time is decreased. 

Since the initial drop, the slope, and the 
final value do not change, the decrease in pulse 
length is linear with the decrease in plate 
voltage. This relation holds over the range from 
the full plate voltage (300 volts in this case) to 
a minimum of 108 plus 42, or 150 volts. This 
is the minimum voltage point because the initial 
42-volt drop would bring it down to 108 volts, or 



zero pulse width. Since the pulse width for the 
previous example used is 1,395 microseconds, 
the pulse width is variable from zero to 1,395 
microseconds. 


of the 
si 


ifen in fi 


application of phantastron CIRCUIT p 


The phantastron circuit shown in figure 5-24 
is taken from a typical radar set ; It is f“^Pf 1 ® 
to the previous circuit except that there pa pul: 
values £d voltages are slightly ddferent, theII,. 
voltage dividers for grids 2, 3, and 4 are > 
and the disconnector diode is *?tually . done 
with its grid tied to the plate. This las115 Ao 
in the set to make use of the other half oU 
6SN7 that is employed in another circuit, 
potentiometer which sets the plate voltage has 
fixed resistors in each end to limit he p 
width to a certain maximum and mmim 
which is adequate for the purpose for w 

^^The'trigger pulse is applied to the cathode^ 
of UkT disconnector diode. The pu!se W, 

tarily changes the plate current in the th > ? 
which causes the negative pulseto appea t jjd 
plate of the phantastron tube. The P lat ® t o If 
coupling capacitor couples the pulse . a 
the grid where it starts the circui 
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Figure 5-24.—Typical radar phantastron circuit. 
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cle of operation. The output is taken from the 
thode of the 6SA7, where a negative, ap- 
oximately square waveshape is produced, 
itually, the waveshape is not as ideally square 

shown in figure 5-22, because the trailing 
ge becomes somewhat exponential in following 
3 capacitor charge. 

hi use, the square wave is usually dif- 
rentiated and the trailing edge pulse is put 
rough a pulse sharpening circuit to remove 
5 effect of the exponential trailing edge. The 
suiting sharp pulse is delayed from the 
iginal trigger pulse by a few hundred micro- 
conds. 


IANTASTRON WITH CATHODE FOLLOWER 

The previous circuit is satisfactory for short 
lays, but when the delay becomes nearly as 
ig as the time between pulses, the long 
ponential recovery of the plate circuit over- 
?s the next pulse. With the circuit not yet fully 
covered, the second pulse may not trigger 
J circuit. Therefore the circuit is modified 
r long delay periods as shown in figure 5-25. 
ie change is the addition of a triode between 
3 plate and grid of the phantastron tube. This 
ode is called a CATHODE FOLLOWER. Before 
} trigger pulse arrives, the grid of the cathode 
lower is at the the plate potential, it is draw- 
; current, and the cathode is within a fraction 
a volt of the grid voltage. Therefore the 
•05-Mf. coupling capacitor has the plate volt- 
5 on one side and the grid voltage on the 
ter—which is not different from the circuit in 
are 5-22. When the trigger pulse drops the 
te voltage, the grid voltage of the cathode 
lower, and consequently its cathode voltage, 
!S down. The 0.005-juf. capacitor must dis¬ 
use, and in doing so, makes grid 1 go in the 
native direction. Thus by cathode follower 
Ion, the grid drops right along with the plate 
though capacitive coupling existed between 
m. 

When the end of the pulse arrives, and the 
te voltage rises back to static potential it 
3 not have to charge the capacitor. The plate 
raise the cathode follower grid immediately 
)lus 250 volts. Then the capacitor charges 
lu&h a path from the 6SA7 cathode to grid 1, 
ingh the capacitor, from cathode to plate of 
cathode follower, to plus 250 volts. The grid 
■he cathode follower is not involved, other 


than through interelectrode capacity, which is 
very small. Only a slight exponential curvature 
of the plate waveshape is shown in figure 5-25. 
This curve is due to stray wiring capacity in 
the circuit. The dotted curve shows the exponen¬ 
tial rise which would interfere with the next 
pulse if no cathode follower were used. In all 
other respects, this long delay circuit is the 
same as the short delay circuit. In some equip¬ 
ments the square wave output is taken from the 
grids 2 and 4. This is a positive square wave, 
and when differentiated produces a negative pulse 
at the square wave's trailing edge. 


+250V 




Figure 5-25.—Phantastron with cathode 
follower. 


THE BLOCKING OSCILLATOR 

The blocking oscillator is another type of 
relaxation oscillator. It can do many of the things 
that a multivibrator does. Thus it can be free 
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running, synchronized at each cycle or at a sub¬ 
multiple frequency, or it can be driven in the 
manner of a one-shot multivibrator. 

A blocking oscillator is any oscillator which 
cuts itself off after one or more cycles be¬ 
cause of the accumulation of a negative charge 
on the grid capacitor. Thus, in an oscillator in 
which the grid swings positive with respect 
to the cathode, electrons are attracted to the 
grid and accumulate on the plate of the grid 
capacitor nearest the grid. Since these elec¬ 
trons cannot return to the cathode through the 
tube, they must return through the grid-to- 
cathode resistor. If this resistor is sufficiently 
large, electrons may accumulate on the capacitor 
faster than the resistor permits them to return 
to the cathode. In this case a negative charge 
is built up at the grid which may bias the tube 
beyond cutoff. After the tube is cut off, it 
provides no additional electrons to the grid 
capacitor. However, the capacitor continues to 
discharge through the resistor, and a point is 
reached eventually where the tube again con¬ 
ducts. Thus the process is repeated and the tube 
becomes an intermittent oscillator. The rate of 
the recurrence of operating conditions is de¬ 
termined by the R-C time constant of the grid 
circuit. 

There are two general types of blocking 
oscillators—the SINGLE-SWING type in which 
the tube is cut off at the completion of one cycle, 
and the SELF-PULSING type, in which each 
cycle of oscillation causes the grid to become 
progressively more negative until the tube is 
biased out of operation. In radar the single- 
swing type oscillator usually operates within 
the audiofrequency range, while the self-pulsing 
type produces pulses of RF energy. 


Single-Swing Blocking Oscillator 

The single-swing oscillator circuit shown in 
figure 5-26 consists of a transformer-coupled 
oscillator, with a capacitor in series with the 
grid of the triode For the purpose of under¬ 
standing its operation, assume that the grid 
capacitor C g has been negatively charged by a 
preceding cycle. The tube, therefore, is biased 
well below cutoff. As the charge on the capacitor 
leaks off, the biasing voltage is reduced to the 
point where the tube begins to conduct. As plate 
current starts to flow, a magnetic field is set up 
around the plate winding P of the transformer. 
The dots at each winding indicate similar 


polarities. If, for example, a current flows 
through a winding so that the dot end is positive, 
the field set up in the core induces voltages in 
the other windings that make the dot end positive 
in these windings at the same time. 


The field builds from zero to a maximum in 
direct proportion to the plate current, and 
therefore induces a voltage across the gri 
winding. This voltage is of such polarity that the 
grid end goes positive. This action is im¬ 
pressed upon the grid of the tube through the gr 
capacitor C s with a polarity that drives the grid 
more and more positive as the field in the plate 
winding is building up. When the grid is driven 
positive with respect to its cathode, it “ raw ® 
current, and electron.' tccumulate onthepla eo 
the grid capacitor nearest the grid. At the same 
time, current is flowing through Rg, making 
grid positive. As the grid becomes more pos - 

tive, it eventually takes enough electrons from 

the plate current to lower the rate of the p a e 
current increase. This reduces the in uce 
voltage from plate to grid windings, the gr 
stops swinging positive, and the plate curren - 
crease is slowed. This action is cumulative 
ends with the plate current being settle * . 
constant value, and the magnetic field o P 
winding P becoming stationary with respect 


secondary. . 

At this time there is no induced voltag 
the grid winding and, because there isnoc arg 
ing potential applied, the capacitor begins to ais- 
charge. This discharge causes the poten 

the grid to become less positive, thereby cau 

less plate current to flow in the plate win 

The field around the plate coil starts to coUaps - 

This collapsing field, in turn, induces a v0 
in the grid winding in the reverse direc ’ 
causing the grid to become more and 
negative. This process continues until the gr 
is driven beyond cutoff, thus completing a c > 
of operation. Oscillation doe snot start again 

mediately, however, because the flow of gr 
current when the grid was positive has bui 
enough charge on the grid capacitor to hoi 
tube cutoff until some of the charge leaks 
through the grid resistor. 


The time consumed by the rise and decay 
plate current depends upon the inductance 
resistance of the transformer. The time 
tween pulses depends primarily upon the v 
of resistance since the grid capacitance isf 
because of pulse-width requirements. 
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CONTINUED 



CIRCUIT 



CURRENT WVTH OURING 
CHARGE OF Cg 



CURRENT PATH OURING 
DISCHARGE OF Cg 




e g -VOlTAOf AT GRK> 

e 0 -OUTPUT VOLTAGE ACROSS 
TERTIARY WINWNG 
ip -PLATE CURRENT 


Figure 5-26.-Single-swing blocking oscillator. 


L th ^ CUrrent paths during charge and 
hth rhe capacitor charges very quickly 
. a low-resistance of the conducting 
ode circuit but discharges very slowly 
the large grid-leak resistance. The 
a waveshapes show that the voltage and 
_ changes occur more slowly than in a 
ra or. This is due to the inductance 
reformer. The inductance also is the 
ne plate voltage rising above Ebb when 
am The current continues to flow 

v i 6 ? r ® ction as ** charges the distributed 
y in the transformer windings, and causes 

iHK, r + ° P 1 WhichaddstoE bb. The inductance 
anH u , ed capacity form a resonant circuit 
s o oscillate due to shock excitation. 


If the Q of this L-C circuit is high, it may 
oscillate for several cycles. In the case il¬ 
lustrated (fig. 5-26), damping is at the critical 
value so that the oscillation occurs for about a 
half-cycle. Sometimes the plate winding of the 
transformer is swamped by a resistor to lower 
the Q, thereby damping oscillations very fast. 

The output e 0 from this circuit is taken from 
a third winding on the transformer. However, the 
output can also be taken from the plate, where a 
large negative pulse is produced, or from a small 
resistor in the cathode circuit, where a small but 
sharp positive pulse is available. The waveshape 
of the cathode pulse is the same as the plate cur¬ 
rent waveshape shown in figure 5-26. 
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Synchronized Blocking Oscillator 

The synchronized blocking oscillator in fig¬ 
ure 5-27, is used as the timing oscillator in a 
small piece of auxiliary equipment. Normally, 
the set produces its own PRF independently 
when the oscillator is free.running, as you can 
see in the waveshapes labeled "eg, no sync." 
The natural frequency for its operation is about 
300 c.p.s. However, synchronizing pulses can 
be introduced at the plate without making changes 
in its circuit that may vary the PRF. The syn¬ 
chronization pulses shown occur at 700 c.p.s. 
Their amplitude is such that one pulse makes the 
circuit operate, the next pulse does not bring 
the grid above cutoff, but the third pulse does 
make the tube conduct. Since the oscillator is 
synchronized on alternate pulses, its PRF be¬ 
comes 700/2, or 350 c.p.s. If the main radar 
set has a PRF of 1,000 c.p.s. and the amplitude 




Figure 5-27.—Synchronized 
blocking oscillator. 


of the sync pulses is slightly less than that 
shown, the blocking oscillator can be syn¬ 
chronized on every third cycle, and it will 
operate at 333 1/3 c.p.s. By synchronizing this 
auxiliary set with the big set, indications re¬ 
ceived by the small set can be displayed on the 
main indicator, relieving the operator of ob¬ 
serving two radar indicators at the same time. 

The amplitude of the synchronizing pulse has 
a great effect on the frequency of this circuit. 
If the amplitude of the synchronization pulse 
shown is increased 50 percent, the first pulse 
that occurs after the. circuit begins operation 
will bring the grid above cutoff and the circuit 
will be synchronized on every pulse. As stated 
before, a low amplitude could cause triggering 
on every third pulse since the first two wi 
not have sufficient amplitude to make the tu 


UU11UUUI. , 1 

In each case, it is assumed that the natural 
period of the circuit is longer than the time 
between the pulses which cause the circuit 
operate. If the period of the blocking oscillator 
is shorter, it will produce long and short cycle , 
because the circuit will be triggered on some 
pulses but will conduct on its own accord ax 


Limes. _ . j j_ 

Maximum frequency stability is achieve 
this circuit by connecting the grid-load re sis 
to the plate-voltage supply. This has the sa 
effect as returning the grids to B plus m m 
vibrators. The useful output from this cure 
is taken from a small (680-ohm) resistor in 
cathode circuit. This resistor has a negligi 
effect on the operation of the circuit b 
velops a voltage pulse due to the plate curr 
flowing through it. 


VC 

If 


4 


t 




The Driven Blocking Oscillator 

Some electronic circuits require a 
oscillator which operates only when 
Such a circuit might be called a BLO 
OSCILLATOR since a permanent d-c 
prevents the circuit from oscillating of i s 
accord. In the circuit of figure 5-28, omy 
positive voltage on the grid or a negative v 
age on the cathode will cause the tube o 
duct. If the voltage is a pulse, the circui ^ 
go through a cycle of operation, cut to fj 
and the d-c voltage will keep it cut off. 
is maintained by a voltage divider ^ r0 ^ 1 ( . wn . 
plate-supply voltage. With the values s ’ 
the cathode voltage will be plus 50 volts 
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Figure 5-28.—Blocked oscillator. 


ct to ground. The grid is grounded, and 
refore 50 volts negative with respect to the 
ie. The grid waveshape shows voltages 
respect to the cathode since these are the 
tant voltages in understanding the circuit 
tion. Cutoff for most tubes used in this 
'-ircuit occurs at about minus 18 volts, so 
igger pulse must be more than 50 minus 

■ 32 volts in amplitude to start a cycle of 
ion. In the grid waveshape the normal 
rge of the grid capacitor reduces the grid 
3 after a cycle of operation, but the dis- 
! is to a minus 50 volts, so the circuit 
l0t again conduct without another trigger 

■ positive trigger pulse must be applied 
grid only. It is not practical to apply a 

pulse to the cathode because the filter 
or is usually found there. But a nega¬ 
te may be applied to the plate, where the 


transformer will invert the pulse to a positive 
one on the grid. The output may be taken from 
the plate, where a large negative pulse is avail¬ 
able, or from a third transformer winding where 
a pulse similar to the plate pulse can be ob¬ 
tained with either polarity. 


USE AS A PULSE SHARPENING CIRCUIT 

The driven or blocked oscillator is useful 
as a pulse sharpening circuit. One radar uses 
the circuit in figure 5-29 to improve the pulse 
shape from the phantastron. The phantastron 
produces the negative square wave pulse labeled 
input waveshape. This square wave is amplified 
and becomes the input to the differentiating 
transformer shown in the circuit. The wave¬ 
shape at the secondary of the transformer is a 



Figure 5-29.—Blocked 
oscillator as a pulse 
sharpening circuit. 
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peaked wave, as shown in the second waveshape, 
but because of the inherent imperfections in the 
trailing edge of the phantastronpulse, the peaked 
wave due to the trailing edge is not a sharp one. 
For precise triggering of the circuits following 
the phantastron, a sharper pulse is required. 
Therefore the peaked wave is applied to the 
blocked oscillator. 

In place of the voltage divider from plus 250 
volts used in the earlier circuits, a long time 
constant in the cathode circuit provides the 
cutoff voltage. After several cycles of opera¬ 
tion, the grid current due to positive grid 
voltages charges the cathode capacitor. It will 
discharge slowly between cycles and be re¬ 
charged with each cycle. The R-C combination 
in the grid circuit (resistance and distributed 
capacity) is rather short and cannot hold the 
grid below cutoff for the several hundred 
microseconds required between pulses. 

The negative pulse at the leading edge of the 
square pulse will not affect the already cutoff 
tube. The positive pulse at the trailing edge 
will cause the left tube to conduct. The cur¬ 
rent through the transformer and associated 
magnetic field will induce a positive voltage at 
the grid of tube V 2 . This starts a regenerative 
action in the blocking oscillator associated with 
tube V 2 and it goes through a normal cycle of 
operation. Meanwhile the pulse ends at the grid 
of tube Vi, and with no other voltage on the 
grid, the tube is cut off again. 

Tube Vi is an amplifier and isolation circuit 
which causes the blocking oscillator to start 
very soon after the trigger pulse arrives, then 
disconnects the triggering circuit from the 
blocking oscillator so it can go through its 
normal cycle unaffected by the triggering circuit. 

The output is taken from a small resistor 
above the transformer in the plate lead. A 
sharp negative pulse of low amplitude is pro¬ 
duced across the resistor. 


COUNTING CIRCUITS 


The pulses applied to the counting circuit 
must have the same amplitude and time dura¬ 
tion if accurate frequency division is to be made. 
Counting circuits, therefore, are ordinarily pre¬ 
ceded by shaping and limiting circuits to insure 
this uniformity of amplitude and width. Under 
these circumstances the pulse-repetition fre¬ 
quency constitutes the only variable, and fre¬ 
quency variations may be measured. 
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The Positive Counter M 


Positive pulses, which may vary only in their 
recurrence frequency, are applied to the input of 
the positive counter as shown in figure 5-30. 



0 


6 |N (INPUT VOLTAGE' 


Kill 

as 

H 

15 !. 


ft 

Bl 

a 

31 

as 

5 

5 * 



VOLTAGE AT PLATE OF V 2 



CURRENT THROUGH R 1| LOW FREQUENCY 


A counting circuit, also known as a frequency 
divider, is one which receives uniform pulses, 
representing units to be counted, and produces 
a voltage proportional to their frequency. By 
slight modifications the counting circuit is used 
in conjunction with a blocking oscillator to pro¬ 
duce a trigger pulse which is a submultiple of 
the frequency of the pulses applied. 



Figure 5-30.—The positive counter. 
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e charge on the coupling capacitor Ci cannot 
mge instantaneously as the positive leading 

ap /!f ed ’ 80 the plate v 2 becomes 
utive and the diode conducts. A charging cur- 

it flows through Ri during the pulse time and 
mail charge is developed on Cl. At the end 
he piUse the drop in voltage places the diode 
s of the capacitor at a negative potential equal 
he charge accumulated on Cj. 

Tube V 2 cannot conduct, as its plate is nega- 
. with respect to its cathode. However, Vi 
ucts, discharging the small charge from the 
icitor, which would otherwise build up during 
i succ^mng positive pulse, eventually ren- 
mg the circuit insensitive to the applied 



Figure 5-31.-Circuit controlled by positive 
counter. 


This counting circuit is frequently found in 
radio altimeters. 


-UIT CONTROLLED BY POSITIVE 
NTER 


The Negative Counter 


m £ e a certain amount of current flows 

fl Rl ea< I h time a pulse is applied, an 
g current flows which increases as the 
^ recurrence frequency increases and de- 
as this frequency decreases. The IR 
^d across R X can be used to control 
aS is illustrated in the cir- 
rm j led b y a positive counter (fig. 5-31). 

.e **** circuit of v 3 aids in ob- 

g mooth operation by removing too rapid 

r i n v , oltage developed across Ri. The 
rp de *® loped acrpss R 1 is the average 
. of the applied signal as shown in figure 

>nrI hlS * V ?.! tage Wil1 vary directly as the 
of the applied signal varies; that 
verage voltage will increase as fre- 
LpQ! aSeS ’ and decrease as frequency 
*. milliammeter is placed in series 
ne plate circuit so that changes in the 
- plat f. cur rent are indicated as a meas- 

input pX S s . ln ^ recurrence fi-nqtiency 

stated earlier that the applied wave- 
c L va ^ y onl y in frequency. Glance at 
.1." * ” ibe pulse width or amplitude of 
. ,, 1s i^ na i varies, then the average cur- 

[ vam, er ^?f e the a verage voltage, across 
ary. This circuit is intended to indicate 
requency by measuring the average 
nn ?w S Rl » 30 frequency is the only 
arp « l* 31 *** perm ifred. The applied 
re pv r ? Sent . through limiting circuits 
•p ? am Pittude, and shaping circuits 

e exact pulse width. 


By reversing the connections to the diodes 
V 1 and V2 in the positive counting circuit the 
device can be made to respond to negative 
pulses, and thus it becomes a negative counter 
circuit. This circuit is shown in figure 5-32. 
The diode conducts during the time the negative 
pulse is applied and a current flows through Ri 
as indicated by the arrow. At the end of the 
negative pulse Vi conducts sufficiently to re¬ 
move the small charge which developed on Ci 
during the pulse time. The current through Ri 
increases with an increase in the pulse fre¬ 
quency as before. However, if the voltage de¬ 
veloped across Rj is applied to the same control 
tube shown previously, the increase in current 
causes the grid of V3 to become more negative. 
This decreases the plate current through V3 and 
the meter. Thus^ an increase in the frequency 
of the negative pulse causes a drop in the 
average plate current measured by the meter. 
This effect is the opposite to that in the positive 
counter. 



Figure 5-32.—Negative counting circuit. 
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The Step-by-Step Counter 

The step-by-step counting circuit is similar 
to those already discussed except that a capaci¬ 
tor which is large compared to Cj replaces the 
resistor Ri used in the positive counting circuit. 
The charge on this capacitor, C 2 (fig. 5-33) in¬ 
creases slightly during the time of each positive 
pulse and produces a step voltage across the 
output. These steps decrease in size ex¬ 
ponentially as the voltage across C 2 approaches 
the final value, the rate being dependent upon the 
output impedance of the driving circuit. As long 
as there is no path through which C 2 can dis¬ 
charge, the voltage across it continues to in¬ 
crease with each successive pulse until it is equal 
to the amplitude of the applied signals. At this 
point the cathode of V 2 is held at a positive 
voltage equal to that on the plate during the 



Figure 5-33.—Step-by-step counting. 


pulse time and the tube fails to conduct. Note 
that the charge on C 2 will eventually approach 
100 volts, the peak-to-peak value of the applied 
signal. This is caused by the charge on Ci being 
in series aiding with the input voltage during the 
negative half cycle of input. 


CIRCUIT ACTION AND WAVESHAPE 
ANALYSIS 

Use is made of the step charging circuit to 
trigger a blocked oscillator after a certain num¬ 
ber of steps. A simple circuit of this type is 


shown in figure 5-34. The step-by-step counter 
determines the voltage on the blocked oscillator 
grid. The cathode has a high fixed bias on it, 
and a certain number of steps are required to 
raise the grid near enough the bias level to 
make the tube conduct. When the tube conducts, 
the blocking oscillator circuit goes through a 
normal cycle. The usual grid current dining 
this cycle discharges the capacitor C 2 . At the 
end of the cycle, C 2 charges in steps again, 
starting from zero. 

This circuit is not difficult to analyze 
quantitatively. The following is the calculation 
of the exact frequency division ratio in the c 
cuit. In the step-charging circuit, the time 
constant of the charging circuit is short since 
only the diode plate resistance is in series witn 
the capacitors. Therefore, the capacitance 1 
fully charged during each cycle of input wav - 
shape. But the capacitors are in series, sotne 
full charging voltage will be divided between 
two. The voltage distribution m capacitors 1 
in inverse ratio to the values of the respecti 
series-connected capacitors and ismathem 




Cl-12. 

C2 El 


In this equation, 

Ci= Capacitance of first series capacitor. 

C 2 = Capacitance of second series capaci 0 ' 
E 2 = Charge on C 2 if applied voltage is M P 
E2 

Ei = Charge on Ci if applied voltage is El P luS 

E2- 

The voltage in question is E 2 . Let t 5 e 
voltage be E a . The equation for the E 2 v 
becomes: 


E2 = E a 


Cl 


Ci + C 2 

Using the values indicated in figure 5-34, 

E 2 = 100 x o.01°+°o709 

E 2 = 100xMi 


E 2 = 10 volts 

The charge on capacitor C 2 with 100 
plied will be 10 volts, while the capaci « r gt 
will charge to 90 volts. It follows that tn 
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Figure 5-34.-Triggering blocked oscillator with step-charging circuit. 


JO volts, which is 10 percent of the ap- 
age ‘ The first step is 10 volts because 
waveshape is 100 volts peak-to-peak 
st capacitor and diode Vi form a DCR 
Jirrent restorer) circuit which allows 
tive voitages on the plate of the second 
herefore the applied voltage is plus 
during the pulse and C 9 is charged to 
it of the total. z 


rst inp ut pulse ends, C-, isdischarg 
olds its 10-volt charge. The sec 
tdjs. The 10-volt charge on C 2 m 
- 00 volts of the second pulse, and 
e ,, V0 ^t a S e f to which the capacitors ( 
then 90 volts. E a will be 90 vol 
ne previous equation, Co will ag; 
° f k y 10 Percent or 9 volts. This is 
5 the initial 10 volts, so at the end 


the second pulse, the C 2 voltage is 10 plus 9 
or 19 volts. The third pulse will be 100 volts 
again, but 19 volts will oppose it. Therefore the 
E a will be 100 minus 19 or 81 volts and C 2 will 
charge an additional 8.1 volts. The new Eo be¬ 
comes 19 plus 8.1 or 27.1 volts. Successive in¬ 
put pulses will raise C 2 by 10 percent of the 
remaining voltage toward plus 100 until the 
blocked oscillator is actuated. 

In the oscillator, the bias is set at plus 50 
volts. The plate-supply voltage is 250 volts, 
so the plate-to-cathode voltage is 200 volts. 
Using the plate-to-cathode voltage, you can de¬ 
termine the grid voltage for cutoff. From the 
curves in figure 5-34, this value is near minus 
12 volts, as indicated on the characteristic 
curves. With the cathode at plus 50 volts, the 
grid must be within less than 12 volts of this 
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value, that is, above 50 minus 12, or 38 volts 
to allow conduction. So the steps continue until 
38 volts is exceeded. Since the fourth step is 
35 volts and the fifth step 41 volts, the 38-volt 
level is crossed between the fourth and fifth 
steps. 

The blocked oscillator-goes through one cycle 
of operation at the end of which the '‘bucket 
capacitor" is discharged. Since every fifth in¬ 
put pulse results in an output pulse, this circuit 
is a 5-to-l frequency divider. 

To cause the circuit to divide by three, 
four, or some other value, the bias is set at 
some new value. For example, a bias of 36 
volts would cause the crossover with cutoff 
voltage to occur at the end of the third pulse, 
making the circuit a 3-to-l count divider. The 
sizes of the steps can be varied by changing the 
ratio of the two capacitors. For example, if C 2 
is changed to 0.04 /uf., it will take 20 percent 
of the charge, and the 38-volt level will be 
crossed at the end of the third pulse, causing 
division at a 3-to-l ratio. In practice, this fre¬ 
quency division can be carried to the extent that 
with six successive frequency dividers, a 100,000 
c.p.s. sine wave can be reduced to 50 c.p.s. The 
final circuit will be triggered on each two- 
thousandth cycle of the original voltage. 


AUTOMATIC FREQUENCY CONTROL (AFC) 

The term AFC refers to an automatic system 
incorporated in a radio or radar receiver circuit 
for the purpose of maintaining the correct local- 
oscillator frequency. Almost all Navy radar 
equipments make use of an AFC system. 

Transmitters that produce frequencies in the 
UHF and microwave ranges have poor frequency 
stability. This is caused by factors which have 
negligible effect at lower frequencies. A partial 
listing of the cause of frequency instability at 
UHF and microwave ranges in transmitter os¬ 
cillators and local oscillators is as follows: 

1. Small physical size. Since the frequency 
determining components are small in physical 
size any condition that changes their shape or 
size will cause a shift in frequency. Factors 
that cause these components to change their 
characteristics are vibrations, variations in 
temperature, and variations in atmospheric 
pressure. 

2. Frequency pulling. This is the result of 
load variations which are caused by variations 
in the length of transmission lines, or reflections 


from nearby objects such as sea return, air¬ 
craft surfaces, or the radome. 

3. Voltage variations. These are caused 
either by variations in the source of power or 
poor regulation in the equipment’s power supply. 
Because of the previously presented inherent 

conditions it is important that the tuning of a 
microwave receiver to the proper frequency oe 

automatic. ,, 

Some of the properties of microwave oscil¬ 
lators which may be used for frequency control 

3 . 1 * 61 

(1) Those of a magnetron—mechanical, ther¬ 
mal, pulling, and varying flux field density. 

(2) Those of a klystron—mechanical, ther¬ 
mal, pulling, and electrical. 

The system most often used and the one 
will be described for the purpose of enabling yo 
to gain a fuller understanding of AFC is tw 
system which controls the repeller voltage oftM 

local oscillator. This is the more practical 
method because a change in frequency is n) 
linear with a change in voltage;:also, chg 
up to 60 megacycles are practical. The ope 
tion of this type of oscillator, t 7 

klystron, will be explained in detail in chap 


CLASSIFICATION OF AFC SYSTEMS 


AFC systems are classified in accor 
with their method of operation. Th® me . 
operation may be divided into two roajor 

fixations, the ABSOLUTE and the DIFFERENCE 

FREQUENCY systems. fre . 

In the absolute frequency system 
of oscillation is determined by 

such as a hign-« 


quency 

cision frequency standard - , 

cavity. This system is generally use to ^ 

the receiver tuned to the beacon (RAo ; g 
quency. In the difference frequency sys e ^ 
local oscillator is maintained on a * re ’ tron 
which is greater or less than the mag ^ 
frequency by an amount equal to the in e 
ate frequency. This keeps the r ® ceiv ®, 
to the magnetron during 


search °P erat jJ^ 
Either of these systems may be a ” on ^ e m 
or hunting type construction. The hunting y 
is constructed to cause the oscillator 0 ^ 

a wide frequency range. This e J ia ^ le f ® aue nc7 
cillator to find the correct operating “ 
and once this has been accomplished t t j 

lator will automatically remain on the ^ 
frequency. This system has the advan S 
in the event of a sudden shift in magne 
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l-F AMPLIFIERS 


DETECTOR 



Figure 5-35.-Block diagram of AFC circui 

l wn^ illa . t i < ? r J requency the correct operating 
found automatically. In the 

i to fhp S p Stem f th / oscillator is manually 

d electonl r T/7 qUenCy and then ma in- 
ctronically to this frequency. 


-K DIAGRAM OF AFC SYSTEM 

® ing . le - mixer system (fig. 5-35), a 
R hnv h 5 ransmitt cr pulse leaks through 
R box and beats with the local-oscillator 

e V«!oTf er ' The differ ence frequency, 
Thi ^’- appears at the out P ut of the 
o ioi IF ! lgnal is then amplified by one 
the ? n IP am P^tfication. At * this 

ied l f ° U . OWS two Paths-it is further 

>d inM ? h e A lj? t0 the detec tor, and it is 
to the AFC discriminator. The output 


in a radar receiver, single-mixer system. 

of the discriminator is fed to either a d-c am¬ 
plifier or some special control circuits which 
regulate the klystron reflector voltage. The 
regulation of this voltage changes the frequency 
of the klystron and enables it to oscillate at the 
correct frequency. 


Most modern radar systems use a double¬ 
mixer AFC system, as shown in figure 5-36 
The separate signal and the AFC mixer are 
both connected to the same local oscillator. This 
arrangement is shown in figure 5-36. The AFC 
mixer is coupledtothe transmission line through 
an attenuator which reduces the transmitted 
pulse and received signals by the same ratio 
With this arrangement, strong signals from 
nearby radar, jammers, or sea return cannot 
affect the operation of the AFC loop.The double¬ 
mixer system is similar to the single-mixer 



Figure 5-36.-Block diagram of a double mixer AFC system. 
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system with the exception that it contains an 
AFC attenuator and separate IF stages. 

THE DISCRIMINATOR CIRCUIT 

The amplified output of the AFC mixer is 
fed into the AFC discriminator. The output 
voltage of a frequency discriminator varies in 
amplitude and polarity with changes in the ap¬ 
plied frequency. If the applied frequency is at 
the resonant or center frequency of the dis¬ 
criminator the output will be zero. If the applied 
frequency is above or below the correct value, 
the output of the discriminator will be either 
positive or negative, depending upon the direction 
of deviation. The operation of this type of dis¬ 
criminator is explained in detail in Basic Elec¬ 
tronics, NavPers 10087. 


THE THYRATRON AFC CONTROL CIRCUIT 

This circuit is an automatic hunting and lock- 
in type. A simplified diagram is shown in figure 
5-37. Since the discriminator time constant is 
short, a pulsed output is produced; These pulses 
are amplified and inverted by the video pulse 
amplifier. 

In the circuit shown in figure 5-37, V 2 func¬ 
tions as a sawtooth sweep generator. The output 


of this generator is applied to the repeller of 
the klystron. This causes a wide frequency band 
to be swept by the klystron and provides a “hurt¬ 
ing action," which is a requirement of the AFC 
system. Lock-in action is obtained by Vj once 
the proper IF signal is produced. During the 
time that Vi maintains lock-in, V 2 will remain 
cut off because the action of Vi prevents the 
plate potential of V 2 from rising to the point of 
tube ionization. 

In the explanation of this circuit it is as¬ 
sumed that the radar transmitter is turned off. 
There will be minus 30 volts bias applied to 
Vi because of the 30-volt drop across Rl and 
r 9 . This IR drop is a function of the divider 
network R if R 2 , and R 3 . Vi will remained 
off because there will be no signal input to 
grid until the transmitter is turned on. Since 

C 5 cannot be charged instantaneously, the mo¬ 
ment that power is applied V 2 will have zer 
volts bias and a plate-to-cathode poten 
plus 225 volts. As a result of these potentials, 
the gas in V 2 will ionize and the tube will con¬ 
duct. During the time that V 2 conducts, C 4 wi 
charge very fast towards a minus 225 vo 
through the low internal resistance of V 2 , an 
plate-to-cathode voltage of V 2 will ' 

(The de-ionization potential of a gas tu 1 
function of the type of gas, the pressure, an 
fixed geometrical characteristics of the 




Si 
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The tube used in this circuit, V 2 , will de- 
Dnize at 25 volts. Thus, when the charge on 
4 has reached 200 volts, V 2 will de-ionize. 
ften tins occurs, C4 discharges slowly through 
4 and R 5 to ground and the plate of Vo be- 
™* les l ne ^ative. The discharge continues 
itil the charge on C4 is about 100 volts. At 
is point, the plate-to-cathode potential is 
raicient to again ionize the tube. (The ioni- 
ition potential of a gas tube is a function of 
3 grid bias.) The sawtooth output of Vo is 
•plied to the klystron repeller and since this 
tput voltage varies between a minus 100 and 
minus 200 volts the amplitude of the sawtooth 
iveform is 100 volts. The recurrence fre- 
ency of this sawtooth is approximately one 
cle per second. 

To aid in understanding how the AFC loop 
competed, assume that the klystron will 
-mate at the proper frequency when its re- 
ier voltage is between minus 170 and minus 

As a re sult of V 2 ’s sawtooth output, 
oscillator will be electrically tuned through 
proper frequency during each sawtooth 
lod When the transmitter is turned on, as- 
ae that the proper intermediate frequency will 
obtained with a repeller voltage of minus 155. 

* n Jn r ® peller is more negative than minus 
volts the input to the grid of Vi will be 
ative. Thus, Vj will remain cut off. The 
marge of C4 causes the repeller voltage to 
ome less negative. 

u! VSf V ?! tage bec °mes less negative than 
us 155 volts, the input to the grid of Vi will 

ITS'* pul8es - At some frequency the 
thn^ 11 0f sufficient amplitude to ionize 
nus providing a new charging path for C4. 

’ path extends from the minus 225 volts on 
■nyratron cathodes through Vi and Rc toC4. 
^again charges, the repeller voltage will 
a become more negative; when this voltage 
s through the minus 155-volt point, the 
i v Vl ., wi11 again become negative pulses. 

’ 1 de-ionize as soon as C6 discharges 
Lt * ; he d e-ionization occurs when C 6 has 
jarged to the de-ionization potential of Vi 

ta/ni ab< ? Ut 25 volts - As a result of C 6 
Uff Vl ln cond uction for a period of 
' effectively increases the width of the 
®, a o Ppli ® d t0 the grid of Vj. After Vi has 
_ zed, C4 will again discharge through R4 

tow °*. ^ Ii ° un d. This entire cycle will be 
tea at a rate of about 200 c.p.s. 

ie amplitude variation of the repeller volt- 
8 so slight that the variation in klystron 


frequency is only a small fraction of the re¬ 
ceiver's IF bandwidth. Because of this action 
the receiver will remain tuned, or locked-in, 
to the transmitter frequency. When the circuit 

18 . lo ^ ked “H 1 1 ’ V 1 wil1 ^ conducting periodically 
and V 2 will remain cut off. Thus V 2 is ef¬ 
fectively disconnected from the circuit. The 
only purpose of V 2 is to provide a slow- 
continuous sweep to hunt for the proper operating 
point and to reestablish circuit operation. This 
action will occur whenever AFC operation is 
interrupted. 

A BEACON AFC CIRCUIT 

When a radar is on beacon operation the 
receiver must be tuned to some specific fre¬ 
quency whether or not signals are being re¬ 
ceived. This requires an ABSOLUTE frequency 
hunting AFC system for reliable operation. The 
diagram shown in figure 5-38 is typical of such 
systems. The output of the klystron is fed to 
two places—(1) the receiver crystal, where it 
mixes with the beacon signal and produces the 
proper IF frequency for the receiver, and (2) 
to a precision tuned cavity for AFC operation. 
The filtered output of this detector is a sine- 
wave voltage (A or B) which is amplified by 
three audio amplifier stages and applied to the 
control grid of a phase discriminator (some¬ 
times referred to as a coincidence tube). 


_BEACON 

BEACON v CAVITY 

CRYSTAL\ I I I ,-- I 


RECEIVER 

CRYSTAL 


CONTROL 

5 

y 

C' 0 

A „ U . D J° _|Z_ 


osc. "it— 


W*Tafc 


SEARCH 

LOCAL 

OSCILLATOR 


TO MAIN 
IF. AMPS 


DISCRIMINATOR 


Figure 5-38. — Block diagram beacon AFC 
loop, using slope discriminator. 
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lal goes positive (1 to 2 to 3 on the audio 
wave) the repeller voltage is made less 
itive and the klystron frequency decreases 
fitly. This decrease moves the klystron 
uency even further DOWN the cavity- 
»onse slope and the crystal output decreases 
» 2 to 3 on the Beacon Crystal Output A). As 
ludio signal goes negative the klystron's re- 
>r voltage is made more negative and in- 
ses the klystron's frequency. This increase 
3S the klystron frequency UP the cavity- 
onse slope and the crystal output increases, 
overall effect is that when the klystron 
lency is below the cavity frequency the de- 
d sine wave at the crystal output will be 
OUT OF PHASE with the modulating sine 
. The crystal output sine wave is labeled 
figure 5-38. 

ow consider that the klystron frequency is 
mt Y, above the cavity's center frequency, 
e modulating audio sine wave goes positive 
klystron's frequency is still decreased; 
7er > since its frequency is above the cavity's 
r frequency it now moves UP the cavity- 
nse slope, and the crystal output increases, 
everse is true when the audio sine wave 
negative. The overall effect is that when 
ystron frequency is above the cavity center 
*ncy the detected sine wave at the crystal 
will be IN PHASE with the modulating sine 

5 output of the crystal (either A or B) is 
trough three stages of audio amplification 
at phase discriminator in 
d form—that is,' sine-wave A which is 
d as the polarity shown, is inverted in 
io amplifiers and is applied to the control 
the phase discriminator as A'. Sine- 
from the audio oscillator is applied to 
apressor grid. Note that A' and C are 
phase with each other. Thus, the phase 
nnator knows that the klystron local 
°r is tuned low—that is, BELOW the 
5 center frequency. 

phase discriminator is arranged so that 
not conduct unless both the control grid 
suppressor grid are driven positive 
neously. Otherwise, the tube remains 
In figure 5-38 the sine waves (either 
'. are fed to the control grid, and the 
scuiator sine-wave C is fed to the sup- 
grid. When the crystal output is sine- 
he control grid is driven positive as 


the suppressor grid is driven negative and the 
tube will not conduct. When the crystal output 
is sine-wave B both grids are driven positive 
simultaneously and the phase discriminator 
has an output. 

The sweep generator functions to vary the 
klystron's frequency by varying the negative 
voltage on its repeller plate, as described in the 
thyratron AFC circuit just discussed. When 
there is no output from the phase discriminator 
the klystron frequency will be swept above and 
below the beacon cavity frequency (above and 
below 9,250 me.) until the beacon crystal output 
is sine-wave B in figure 5-38. At this time 
the phase discriminator conducts and locks in 
the sweep so that the klystron's frequency 
varies only SLIGHTLY above and SLIGHTLY 
below the cavity frequency. From this point on, 
the action is identical with the control circuit 
of figure 5-37. 

This system is called' ‘absolute hunting" be¬ 
cause no receiver signal is necessary to pro¬ 
duce it, and the klystron is kept VERY close to 
a set frequency. In the case described, the 
beacon receiver signal will have a frequency of 
9,310 me. Since the local oscillator is con¬ 
trolled to 9,250 me. the IF will be 60 me. In 
contrast, the “frequency difference" system of 
automatic frequency control keeps the local 
oscillator tuned to the IF DIFFERENCE from 
the transmitter (and, therefore, the receiver) 
frequency, and will change as the transmitter 
frequency changes-always maintaining the IF 
difference. The “absolute hunting" system 
makes no allowance for frequency variation of 
the beacon signal that is received; therefore, 
the beacon transmitter must be very accurate 
in frequency. 


DELAY SYSTEMS 

The term DELAY SYSTEMS refers to spe¬ 
cial control circuits that are used in many 
electronic systems, particularly in radar sets. 
These circuits are used for the purpose of de¬ 
laying a waveform, which, in turn, produces a 
delayed action. A knowledge of several of the 
basic circuits will prove helpful to you in gain¬ 
ing an understanding of the application and 
operation of delay systems. 

Some of the more common types of elec¬ 
tronic delay systems are the R-C, the phan- 
tastron, and the delay line (artificial lines). 
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Figure 5-40. —Normal and closed center operation. 


Purpose and Application 

The PPI radar scope is a unit that makes 
use of various applications of different delay 
systems. Some of these are: 

1. CLOSED CENTER OPERATION. In this 
operation the PPI sweep is started after the 
magnetron is fired. (See fig. 5-40.) As com¬ 
pared to normal operation, the targets appear 
to be moving in toward the center of the scope, 
hence the name CLOSED CENTER. This is 
used to eliminate the ground or sea return in 
the center of the scope. Also, it extends the 


range of the radar by the amount of delay that 
is used. 

2. OPEN CENTER OPERATION. The mag¬ 
netron fires after the sweep has started. (See 
fig. 5-41.) As compared to normal operation, 
the targets appear to be moving toward the 
outer edge of the scope. This action moves 
close-in targets toward the outer edge of the 
scope where they will occupy more space on 
the scope face. This spreads the target over 
more area and will improve target resolution. 
The effective range on this sweep is reduce 1 
the amount of delay used. 





Figure 5-41. —Open center and expanded delay operation. 
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3. EXPANDED DELAY SWEEP. The start 
the sweep is delayed for a number of miles. 

f i g V 5 " 41 ') A much faster sweep speed is 
ed but sweep amplitude remains the same 
us eauses the distant returns to be spread 
they can be distinguished from each other. 

a !fn , USGd t0 aid the °P erator in reading 
aeon codes at great distances. The dis- 

rantage is that nothing can be seen on the 
ape prior to the time the sweep is started 
1 close-m targets will be obscured). 

4. DELAY LINES. Delay lines may be used 
accurate short periods of delay such as de- 
ing the start of a PPI sweep. This enables 
sweep and transmitter to be triggered at 
same time. They are also used to generate 
ed pidses. Special types of pulse equipment, 
vhich pulses are transmitted at one location 
received at another, frequently use coded 
ses. These pulses are used for the purpose 
preventing signals of the same carrier fre- 
ncy, that contain similar pulses, frominter- 
ng with the desired signal pulses. A com- 
1 type of coding is that in which a group of 
es is used for each actual pulse. The pulses 
ach group are separated by accurate and un- 
1 time intervals. The means most fre- 

lU f r d f0r S eneratin S pulses is a 
uit that contains the delay line (artificial 
emission line). 


RC Delay System 

Ws system may be used for open or closed 
- operation. It is used in some radar 
’ *u ^ P 61 * 111 ** the sweep to become linear 
the transmitter is fired. The PPI sweep 

" fi tin J e zero > the R-C delay causes the 
natter to be fired later, at a fixed time, 
the sweep has become linear. 

UIT ANALYSIS 

efer to fig. 5-42.) Since the grid is con- 
;? a Positive voltage, Vi will normally 
Ti Thus > plate voltage is low and 

. ^ charged to this low voltage. The in- 
_ A 18 der ived from the multivibrator 
,Jr f S a negative square wave. The lead- 

tL w Square wave is ti^e zero, and 
time that the sweep generator is 


Rl > R2 S R3 

500k A 100 K A 100 K < 


430 


R5 R6, 

I30K> 30K 


Figure 5-42.—RC delay circuit. 

triggered. The leading edge of this square 
wave cuts off Vi which was normally conducting. 
Plate voltage of V 1 cannot rise instantly because 

of the time required to charge 0%. Although 
C2 charges at an R-C rate, during the first 10 
percent of time the change in voltage is linear 
V 2 is normally cut off by a voltage divider net¬ 
work in the grid circuit which places a minus 
19.5 volts on the grid. The linear change in 
voltage at the plate of Vj is coupled to the grid 
of V 2 causing it to go positive and overcome its 
bias. The delay is a function of the bias applied 
to the grid of V2 and the rate of charge of C2. 
When the bias is overcome, V2 conducts and the 
blocking oscillator action produces a pulse out¬ 
put. A positive pulse output may be taken from 
the cathode and a negative pulse from across the 
plate load resistor. The blocking oscillator 
action in the grid circuit charges both C2 and C3 
in a negative direction. This causes the plate 
voltage of Vj to decrease and keeps Vj from 
again triggering V 2 immediately. Before C 2 can 
again become positively charged to the point that 
it can trigger V 2 , the short R-C in the grid of 
Vi has allowed Vi to conduct. Therefore, the 
circuit has returned to the static condition of 
Vi conducting heavily and V2 cut off. 

The output of V 2 can be used to start the 
sweep and other timing circuits such as range- 
mark generators. 
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Phantastron Delay System 

A phantastron delay system may be used to 
produce a variable delay over the PPI range. 
In order to provide a delay over most of the full 
range of the PPI, it is necessary to use a cathode 
follower with the phantastron. 

CIRCUIT ANALYSIS 

The phantastron part of the circuit in figure 
5-43 is similar to the one described earlier in 
this chapter and shown in figure 5-25. The 
phantastron is triggered simultaneously with 
the firing of the transmitter. The trigger input 
is applied to the cathode of V118 and the output 
of the phantastron is taken from the screen of 
VI19. This output is a square wave that goes 
positive at the start of the delay and negative at 
the end. The output of the phantastron is applied 
to the trigger amplifier V121A. The end of the 
delay appears as a positive pulse at the plate of 
the amplifier. This pulse is coupled to the grid 
of the blocking oscillator V121B. This oscillator 
is biased negatively by the voltage divider net¬ 
work R183, R184, and a negative 105 volts; thus, 


it is normally cut off. Blocking oscillator action 
is initiated by the positive pulse from the trigger 

amplifier. The delayed sweep trigger is taken 
from the plate of the blocking oscillator V121B. 
A delay marker is taken from the cathode of the 
same tube. This marker appears as a movable 
range marker or ring on the PPI when the scope 
is in a nondelayed condition. This delay marker 
indicates the point at which the delayed or ex- 
panded sweep will start. (NOTE: Example- 
When 60 miles of sweep delay is d ef‘ red ’* 
delay marker is adjusted to aline with the 60- 

mile range marker. When the delay is switched- 

in, the sweep will start at the center of the scope 
after 60 miles of delay. Thus if a 30-mile sweep 

... ... nn i. HO miloS 1 


1 11 . _ 


Delay Line System 

A simplified circuit for producing a rectan¬ 
gular pulse by the use of an artificial transmis¬ 
sion line is shown in figure 5-44. The c ar- 
acteristic impedance of the transmission in 
2,500 ohms. The resistor, R 2 , across which 
output pulse is to be developed is equal 0 
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Figure 5-44. - (A) Simple circuit for producing a pulse froir 
sion line. (B) Equivalent circuit of artificial transmission 


an artificial transmis- 
line during discharge. 


rh C fI! ri i tiC lm P edance * Resistor Ri, through 
1 “ e is charged, is made very much 
=er than the characteristic impedance so that 
^ apparent open circuit during the dis- 
rge of the line. The capacitors are all charged 

00 volts if switch S is left open for a suffi- 
liame Kthe SW it C h is closed after the line 
wen charged, a current immediately starts 

ne line ma y ^ considered 
Q . y 311 internal impedance of 2,500 
j£l nS the dischar ? e time (fig. 5-44 (B) ). 
>h th across R 2 is one-half the voltage to 
thpon ?f S char ? ed > or 300 volts, since 
Onh av 1 a i lable voltage is lost across the 

:rnZ n i J! lt ! rnal impedance > z 0- H the net- 
H Sted only 01 capacitors, the discharge 
loilow an exponential curve, and the voltage 
r 2 would not be constant. However, the 
mo? C 5 ca P a citance of the line are so 
j^ted that the discharge rate is practically 

in 01 the “^“Cial line can be 
« follows: At the instant that the 

A fir 1 A ^ is closed >the voltage at 

falls to 300- volts. This can be looked 


upon as a traveling wave of -300 volts applied at 
point A to reduce the voltage there immediately 
from 600 to 300 volts. As the wave moves from 
A to B the voltage across the line is reduced 
from 600 to 300 volts. On reaching pdint B, the 
wave sees an open circuit, since resistor Rj is 
very large. The wave is reflected without change 
in sign, and immediately reduces the voltage at 
point B from 306 volts to zero as the wave 
travels back to point A; and the remaining 300 
volts across the line is canceled out. On reach¬ 
ing point A, the wave has reduced the voltage 
across all sections to zero, the wave itself 
disappearing because it is absorbed by a load 
which matches the characteristic impedance of 
the line. The pulse formed across R 2 by the line 
discharge lasts for the time required for the 
traveling wave to move from the switch end of 
the line to the open end and back. 

Figure 5-45 shows an application of delay 
lines (artificial transmission line type) in a cir¬ 
cuit that is used to generate coded pulses. A 
typical line of this type may be constructed by 
winding many turns of copper wire on a flexible 
tube of insulating material. This coil is first 


t 
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Figure 5-45.—Delay line coding circuit. 


covered with a thin layer of insulation, and then 
a braided shield and another layer of insulation. 
The capacitance between the coil and the shield 
simulates the distributed capacitance of the ac¬ 
tual transmission line and the inductance of the 
coil simulates the distributed inductance. 

CIRCUIT ANALYSIS OF A CODING SYSTEM 

The pulses to be coded are coupled to the 
grid of Vi which functions as a blocking oscil¬ 
lator. The pulses, taken from the cathode of Vi, 
pass through the two delay lines. The pulse to 
be coded passes through the distributed capacity 
of the delay lines and appears at the grid of V 2 
in time zero. The pulse also passes through the 
2 m sec. delay line and is coupled to the grid of 
V 2 by the distributed capacity, 2/xsec. after time 
zero. The pulse passes through the 4 ^sec. de¬ 
lay line and reaches the grid of V 2 , 6 M sec. af¬ 
ter time zero. For each pulse to the grid of Vi, 
there will be three pulses at the plate of v 2 -the 
first pulse at time zero, the second at 2 /xsec., 
the third at 6 nsec. The potentiometer keeps 
the distributed capacities above ground and 
serves as a means of balancing the amplitude 
of the three pulses. 


CIRCUIT ANALYSIS OF A 
DECODING SYSTEM 


A decoding system must be employe a 
receiver to discriminate against undesr ^ 
pulses. A train of properly spaced puls® 8 
provide the coincidence necessary for ttie 
pass through the decoding circuits. Thus> 
will be one pulse at the output of the , geS 

each train of pulses applied to the input, 
that do not posses the proper time spac ng 
be eliminated by the decoder. A typical decoa^ 
circuit is shown in figure 5-46. Inthiscirc 
pulses taken from the secondary of Ti ^ 
plied to the three grids of Vl* These P 
are applied directly to grid 3, but because 
delay lines they will be delayed 4 fj-sec. * 

2 and 6 /xsec. to grid 1. Vi is so biased t ^ 
application of any one or even two P 1 " 8 ® .JJ 
the grids will not cause the tube to con • t ' 
When three pulses are applied simultaneo y 

the three grids the bias is overcome and the ^ 

conducts. This coincidence is graphical y 
lustrated in figure 5-46. By referring to ^ 
graph you can easily see, as a result of the P 
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Figure 5-46.—Delay line coding. 


L US j*: that at no time other than the cc 
will more than one pulse be applie 


MARKER SYSTEMS 


ker systems are used to enable the rad 
•r to determine the location of targe 

iina aC rf CUra , Cy ' This may ** accomplish 
Vl ?, ual £ui des to appear on the fai 
cope. These guides or markers will pr< 
age of distance to a target and azimu 
a target. Some systems present ac 

ieigM mati ° n that giVeS the °P erator tl 


cers are also used on equipment other 
r » * or example—electronic counter- 
Tn fk l0ran ’ osc iiloscopes, and many 
m these equipments, markers are used 


to determine pulse width, pulse spacing, pulse 
amplitude, and various other functions. 

Early radars depended on the linearity of the 
scope sweep for accuracy in range. A rough 
range scale was etched on a transparent plastic 
plate and this was placed on the face of the 
scope. Present-day radars obtain range marks 
from a range-mark circuit. This circuit con¬ 
sists of a stable oscillator that generates ac¬ 
curately spaced range marks which are used to 
modulate the electron beam in a PPItype scope. 
This type presentation causes intensity type 
markers to appear. 

The type A scope may also utilize intensity 
type marks or the markers may be applied to 
the deflection circuits. The application of the 
marker to the deflection circuits causes pulse 
type markers to appear on the scope. 
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Fixed Range Marker 

This circuit uses a gated type ringing oscilla¬ 
tor which produces range marks that are syn¬ 
chronized with the sweep. A circuit that illus¬ 
trates this system is shown in figure 5-47. 



CIRCUIT ANALYSIS 

The gating tube V^, because of positive bias, 
is normally conducting and producing a steady 
flow of current through Lj. The flow of current 
through Li maintains a magnetic field around the 
coil; thus, the tank circuit composed of Lj and C2 
cannot oscillate. Simultaneously with the start¬ 
ing of the scope sweep a negative square wave 
is applied to the grid of Vi, cutting the tube off 
and causing the magnetic field around L^ to 
collapse. The collapsing of this field shock- 
excites the oscillator. The circuit will continue 
to oscillate throughout the duration of the nega¬ 
tive square wave. The values of L and C, in 
the series-fed Hartley oscillator, are so chosen 
that the duration of each cycle of oscillation will 
be equal to the time between the desired range 
mark spaces. The leading edge of each negative 
oscillation will produce a range mark in the 
output of the circuit. V2 replenishes the losses 
of the tank circuit, thereby maintaining the 
amplitude of oscillation. 

The peaking amplifier V3, that is normally 
conducting, is cut off by the oscillator’s negative 
output. A high positive voltage at the plate of 
V3 will be produced by the collapsing magnetic 
field around L6. Oscillations across Lg are 
prevented by damping resistor R7, thereby pre¬ 
venting possible double range marks on the 


scope. Positive oscillation of the grid signal 
causes limiting to occur in the grid of V3 due 
to R4 in the grid circuit. Therefore, the negative¬ 
going portion is the only part of the input wave 
that has an appreciable effect on the plate cur¬ 
rent of V3. The positive pulse output is coupled 
to the grid of V4 through C4 and C 5 . C4 func¬ 
tions as an ordinary coupling capacitor; C5 
conjunction with Rq acts as a fast coupling ne - 
work. The leading edge of the output pulsefrom 
Vo contains high frequency components; these 
are coupled through C 5 which bypasses Rfc 
therefore the complete leading edge of the output 
of V3 is developed across R9. This sharp rise 
in voltage on the grid of V4 causes it to draw 
current charging the lower plate of C 5 nega¬ 
tively, since C5 and Rs have an R-C time m 
approximately 1 second. The charge due 
grid current rapidly discharges through ^8 ^ 
returns the coupling circuit to a static condi ion. 
If only C4 were used to couple the sharp ris 
to the grid of V4 when the grid drew current, tne 
grid side of C4 would go negative. Since tn 
discharge path for C4 is long, it would soona , 
sume an average charge and the coupled gn 
would be reduced to minimum. The bl ° ckl ^ ' 

cillator V5 is normally cut off by a fixed negau 

voltage on the grid. This circuit is trigger© uy 
the output of Vi which is coupled to the griQ 
V5 by transformer Ti. Positive range m 

Anfkn/)a rvf Vc 




Movable Range Marker 

Many present day radar sc opes u ^ bze _^f 
movable marker or RANGE STROBE. This y 
tern provides a continuously variable ma_ 
that may be used to aid the operator in <1 
determining the accurate range of a ' 
Movable marker action may be incorpora 
a radar system by using multivibrators or 
phantastron time delay circuits previous y 
cussed in this chapter. Another system whe 
such marker action may be obtained is a 1 
circuit using a linear sawtooth and diode pi© 
tube (fig. 5-48). This system is explaine 
detail in the following paragraphs. 


CIRCUIT ANALYSIS 

The sweep generator tube Vj, which 
mally conducting, is cut off by the negative _ 
square wave. When cut off, its plate voltage 
rise at a rate determined by the sweep capa 
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Chapter 5 - SPECIAL CIRCUITS 


CONTINUED 



n order to obtain a linear sawtooth output 
ecessary to use either the first ten percent 
charge or to add a bootstrap circuit to the 
^th generator. This sawtooth waveform is 
d to the plate of V2. V2 is normally cut 
the positive voltage on its cathode. The 
>th rise applied to the plate of V2 eventually 
>mes the cathode voltage and causes the 
to conduct. When this occurs the cathode 
J rises at the same rate as the plate volt- 
d is applied to the grid of V3. Tube V3, 
e of the transformer Tj in its plate cir- 
ien functions as a peaker amplifier. The 
of V3 is applied to the grid of V4 and 
it to conduct momentarily. The current 
1 the plate winding of T2, due to the con- 
of V4, causes the single-cycle blocking 
■or to cycle and produce the delayed pulse 

duration of the delay depends upon the 
applied to the cathode of Y# this voltage 
"mined by the position of the potentiom¬ 


eter arm of R7. As the arm of the potentiometer 
is moved toward the more positive end, a higher 
voltage is then applied to the cathode of V2 and 
more time is requiredfor V2 to start conducting, 
thus giving more delay before the pulse is pro¬ 
duced. This delayed pulse is the movable marker 
that appears on the scope. Range is read from 
a mechanical counter or other indicating device 
which is mechanically coupled to the arm of the 
delay potentiometer R7. This counter is cali¬ 
brated by adjusting the zero adjustment Rio and 
the slope adjustment R9. These potentiometers 
are positioned to provide the correct voltage 
across R7 so that the delay that is provided, de¬ 
pendent upon the location of its arm, is correctly 
indicated by the counter. 

Movable Height Marker 

The linear sawtooth delay circuit (fig. 5-48) 
may be used as the timing system for measur¬ 
ing target height with radar equipment. In order 
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for it to apply to movable height markers certain 
modifications must be made. The angle of ele¬ 
vation of the height finder antenna is referred 
to as $ In the movable range marker (fig. 5- 
48), a fixed supply potential was used for the 
sawtooth generator, but when this circuit is used 
for height finding the supply voltage varies with 
the angle of elevation erf the antenna. Thus, the 
slope of the sawtooth is proportional to sin 4>. 
In this application the counter or other indicator 
that is connected to the delay potentiometer in¬ 
dicates the target’s height. 

The curvature of the earth may be neglected 
when determining height at short or medium 
ranges. The relationship between delay time 
and target height, or the time when the height 


marker appears on the sweep, maybe expressed 
as follows: 


T equals time 
H equals height 
C equals speed of radio waves 
<f> equals angle of elevation 

Since the slope of the sawtooth has been made 
proportional to sin 4>, the time delay will be in¬ 
versely proportional to sin 4> or, in other words, 

directly proportional to s | n ^ - for a &i ven 

bias. 


QUIZ 


1. In a phantastron delay circuit, the pulse 
width is normally increased by 

a. decreasing pl-ate voltage 

b. increasing plate voltage 

c. increasing the value of the plate load 
resistor 

d. decreasing the value of the plate load 
resistor 


2. In figure 5-34, to increase the count-down 
ratio, 

a. decrease bias on V3 

b. decrease value of C \ 

c. increase value of Cl 

d. decrease value of C 2 

3. In figure 5-1, increasing the size of C 2 will 

a. increase output frequency 

b. increase time of negative portion of 
waveform on the plate of V 2 

c. decrease frequency 

d. increase amplitude of waveform on 
plate of V 2 


4. In figure 5-17, increasing R 2 win 

a. increase time of negative portion of 
output 

b. increase amplitude of output 

c. decrease amplitude of output 

d. increase time of positive portion of 
output 


5. In a blocking oscillator, the tube is said to 
be blocked when the 

a. plate current reaches saturation 

b. grid bias has reached its mostpositive 

value 

c. grid is beyond cutoff and no plate cur¬ 
rent flows 

d. grid is beyond cutoff and maximum p a e 
current flows 

6 . In a free-running multivibrator (See fig- 
5-1), returning the grids to a positive po 
tential will 

a. decrease frequency 

b. improve frequency stability 

c. increase amplitude of waveform at p a 

of V 2 t 

d. decrease amplitude of waveform a 
plate of Vj 


7. 


8 . 


In figure 5-37, when the klystron is opera 
ing at the proper frequency, 

Vj will conduct periodically 


a. 

b. V 2 will conduct periodically 

c. the charge on will remain 

d. the charge on C 4 will remain 


constant 

constant 


In figure 5-17, output frequency could e 
reduced to one-half the input by 

a. decreasing the size of C 2 

b. increasing the size of C 2 

c. decreasing the size of R 2 

d. increasing the RC time of 
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n figure 5-31, increasing input frequency 
will cause 

a. voltage across Rj to increase 

b. voltage across Rj to decrease 

c. meter “M” to decrease its reading 

d. charge on C 3 to decrease 

multivibrator employs tubes as 

a. electronic switches 

b. amplifiers 

c. detectors 

d. oscillators 

iVhat characteristic of the input pulse to a 
>ositive step-by-step counting circuit can 
/ary while the circuit is in operation with- 
)ut affecting the calibration of the equip - 
nent? 

a. Shape 

b. Amplitude 

c. Repetition rate 

d. All of the above 

Prequency division, as obtained by a mul- 
i vibrator, refers to the operation of a driven 
nultivibrator which is 

a. driven at a submultiple of its free- 
running frequency 

b. driven at a harmonic of its free-running 
frequency 

c. synchronized to a harmonic of the driv¬ 
ing frequency 

d. synchronized to a submultiple of the 
driving frequency 

’he oscillatory circuit, which generates the 
markers in most radar sets, is gated by a 

a. sawtooth pulse 

b. sine wave 

c. trapezoidal wave 

d. square wave 

1 figure 5-1, increasing R 3 will 
increase frequency 

>• increase amplitude of waveform at 
plate of V 1 

increase time of positive portion of 
waveform at plate of V j 
decrease amplitude of waveform at 
plate of V 1 

multivibrator can be synchronized by 
plying 

• only positive pulses to the conducting 
tube 

. only negative pulses to the nonconduct¬ 
ing tube 

either positive pulses to the noncon¬ 
ducting tube or negative pulses to the 

conducting tube. 

either positive pulses to the conducting 
tube or negative pulses to the noncon¬ 
ducting tube. 
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16. In a free-running single-swing blocking os¬ 
cillator, the frequency is controlled by the 

a. resonant frequency of the transformer 

b. RC time in the grid circuit 

c. type of tube used 

d. size of the cathode resistor, when used 

17. The type of PPI presentation used to read 
beacon codes of great distance is 

a. open center operation 

b. expanded delay sweep 

c. normal sweep (no delay) 

d. closed center operation 

18. In a scale-of-two multivibrator, with posi¬ 
tive pulses applied to both grids, the output 
frequency will be 

a. twice input frequency 

b. equal to input frequency 

c. one-half input frequency 

d. always higher than input frequency 

19. An operating free-running multivibrator 
differs from an operating one-shot mul¬ 
tivibrator in having 

a. feedback between stages 

b. two stages, alternately conducting and 
nonconducting 

c. a synchronizing waveform required for 
operation 

d. no equilibrium condition 

20. In a multivibrator circuit the frequency¬ 
determining factors are 

a. the types of tubes employed 

b. the tank capacitors 

c. grid capacitors and resistors 

d. the values of the plate loading resistors 

21. The cathode-coupled one-shot multivibrator 
is like the plate-coupled multivibrator in 
that 

a. each stage is coupled regeneratively 
to the other stage in order to produce 
rapid action 

b. feedback action is from the plate of each 
stage to the grid of the other stage 

c. two stages return to their initial states 
of conduction automatically in order to 
be ready for the next trigger 

d. feedback action of the second stage 
results from the cathode-to-cathode 
connection 

22. A cathode follower may be added to a 
phantastron circuit to 

a. provide a more linear delay 

b. provide short delay periods 

c. prevent the following circuit from load¬ 
ing the phantastron circuit 

d. provide long delay periods 











CHAPTER 6 


PROPAGATION OF RADIO WAVES 


Certain fundamental concepts of propagation 
are included in Basic Electronics, NavPers 
10087. This chapter is an extension of these 
concepts and at the same time includes sections 
on antenna location, forward scatter, and anoma¬ 
lous propagation. 

The aim of this chapter is to more fully 
acquaint the AT with the mechanics of propa¬ 
gation, and the results of irregularities in the 
ionosphere. 

In the study of this chapter (and also the 
chapter on antennas) it should be kept in mind 
that the subject matter field is broad and no 
attempt at complete coverage is made. Rather, 
only such background information that will be of 
help to the AT is included. In many instances, 
the AT will have the assistance of field 
engineers, or will at least have specific in¬ 
structions on how to perform many jobs, and 
therefore will, in practice, need the information 
contained in this chapter only as a necessary 
background. 


ELECTROMAGNETIC FIELDS IN SPACE 
Wavefronts 

At best, any device that is used to picture 
electromagnetic radiations in space is only a 
crude analogy of what is actually taking place. 
Water waves are frequently used as an analogy. 
Although electromagnetic radiations are com¬ 
monly considered to be waves, under certain 
circumstances they behave in ways that make 
them appear to have some of the properties of 
particles. 

In general, however, it is easier to picture 
electromagnetic radiations in space as being 
composed of horizontal and vertical lines of 


force oriented at right angles to each other. 
These lines of force are made up of a magnet 

H, and an electric, E, component, and togeme 

make up the electromagnetic field in space. 
Strong fields are represented by many Un 
closely spaced; whereas, weaker fie 
represented by fewer lines more widely s P a 
Energy from the transmitting antenna mov 
outward in ever-expanding spheres. ® 
portion of one of these spheres is cane 
WAVEFRONT, as indicated in figure o-i. 
this surface, the H lines are perpendicular 
to the E lines and both are perpendicular™^ 
direction of propagation. A right-hand r 
ties these three quantities together is 5* 
Basic Electronics, NavPers 10087. H . c 
TAL POLARIZATION means that the eiec 
lines are horizontal with respect to the > 
and VERTICAL POLARIZATION means tha 
electric lines are vertical with r ® s Pf. c 1r , „a a 
earth. The choice of the electric “ e j 
reference field results from the prac i ^ 
measuring radio wave intensity in tern ! . 
ELECTRIC field intensity (for example, mic 
volts per meter). 



Figure 6-1.—Wavefronts showing 
horizontal and vertical polarization. 
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Directivity 

en considering the energy radiated from an 
a, an important concept is the directivity 
antenna. The directivity of an antenna 
measure of its ability to radiate energy 
desired direction (or directions) and to 
>ss the radiation in other directions. The 
ts true of a receiving antenna, only in this 
signals from the favored direction (or 
ions) are received more easily than those 
>ther directions. 

3 radiation pattern, which is a good indi- 
of the directivity of an antenna or antenna 
is commonly plotted on polar graph paper 
ay also be plotted on rectangular graph 
It should be emphasized that when polar 
nates are used, the resulting curve is 
in actual picture or outline of the energy 
ed by the antenna. It is rather an indica- 
the relative (or actual) amount of energy 
red to points on an imaginary circle a 
n distance from the antenna, which is 
y located at the center. The points where 
:asurements are taken are usually spaced 
more degrees apart. Thus, the polar plot 
ood picture in two dimensions of how di- 
e the antenna is. It should be emphasized 
hat the pattern is three dimensional, al- 
the plot is commonly given only in the 
ntal or vertical plane. The rounded pro- 
is of the polar pattern are called LOBES 
e indented portions, representing no (or 
urn) energy pickup in the test antenna, are 
NULLS. 


iflection, Refraction, and Diffraction 

>n one is considering electromagnetic 
in space (or, more specifically, the 
ent of electromagnetic fields through 
it is very important to understand clearly 
meant by reflection, refraction, and dif- 
u Because radio waves of short wave- 
act somewhat like light waves (both of 
re electromagnetic radiations), it is well 
Ider these effects from the point of view 
waves, which may be more readily ob- 


:tion 

reflection of light is illustrated by the 
in figure 6-2(A). When a ray of light 


(the incident ray) falls on a mirror surface, 
most of the light is reflected as shown. The 
angle of incidence is equal to the angle of re¬ 
flection and lies in the same plane. When the 
incident ray is along the normal, the reflected 
ray is also along the normal. In order for 
pronounced reflection to occur, the object doing 
the reflecting must have the right type of sur¬ 
face and its size must be about one-half the 
wavelength of the incident wave. For example, 
dust particles will reflect light because they 
are large compared to the wavelengths of light. 
Actually, light is scattered out of the beam be¬ 
cause of reflections from the particles. 

Bright, polished surfaces will reflect light 
better than dull, rough surfaces. Large, smooth, 
metal surfaces that have high conductivity are 
good reflectors of radio waves. 

As has been mentioned, reflection takes 
place only when the reflecting surface is large 
compared to one-half the wavelength of the inci¬ 
dent wave, and smooth for an appreciable portion 
of one-half wavelength. Under these circum¬ 
stances, the angle of incidence is equal to the 
angle of reflection. When these conditions are 
not met, scattering will occur. Scattering is a 
common occurrence. As a matter of fact, 
FORWARD SCATTER of radio waves in the 
troposphere and ionosphere (because of irregu¬ 
larities in density) is an important new method 
of radio wave propagation. 

REFRACTION 

When a light ray passes at an angle from a 
less dense to a denser medium, it is bent toward 
the normal; in other words, the angle of refrac¬ 
tion is less than the angle of incidence. Like¬ 
wise, when a light ray passes from a denser to 
a less dense medium, it is bent away from the 
normal; in other words, the angle of refraction 
is greater than the angle of incidence. Both of 
these conditions are shown in figure 6-2(B). 

Refraction may be more easily understood 
if the incident ray is thought of as being a com¬ 
pany of men marching, for example, four abreast 
(fig. 6-2)(D)) from a parade ground to a plowed 
field. The refracting medium is thought of as 
being the plowed field. In marching obliquely 
from the parade ground to the plowed field, each 
soldier in the front line will be slowed up as he 
crosses the boundary. Because the soldiers ar¬ 
rive at the boundary at different times, they 
will begin to slow up at different times, (No. 1 
slowing up first and No. 4 last in each row). 
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(A) REFLECTION 



{ B ) REFRACTION 
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Figure 6-2.—Reflection, refraction, and diffraction of light. 


The net effect is a bending action, as indicated 
in the figure. Upon leaving the plowed ground, 
the reverse action takes place. 

The INDEX OF REFRACTION is a term used 
to describe how much bending will take place in 
a given substance. The higher the index of re¬ 
fraction, the more the bending. Actually, the 
index of refraction is the ratio of the velocity of 
light waves in a vacuum to the velocity of light 
in the substance being considered. 

In this illustration, the bending is considered 
to take place at the surfaces of the refractive 
medium. In the case of radio waves being re¬ 
fracted in the ionosphere the path is gradually 
curved because there is no sharp point of tran¬ 


sition between layers of different den 
Those rays that make a large angle wi 
spect to the horizontal along the earth m . y 
refracted a small amount and pass on 
the ionosphere to outer space; those tha' ce 

a smaller angle will travel a greater d ^ 
in the ionosphere and may be bent to su ^ 
extent that they will return to earth. gp 
result is as if the wave had been REFL ^ 
back to the earth. A simplified illustra ^ 
ionospheric refraction is given in laC e 

A certain amount of refraction also take P 
in the troposphere (below the ionosphere) ^ 
cause of the proximity of warm and co 
masses. 
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\CTION 


raction of light occurs when a beam of 
isses over the edge of an opaque object, 
lergy is bent, or diffracted, around the 
the object, as indicated in figure 6-2(C). 
of a sharp outline being formed on the 
, the shadow will be blurred at the bot- 
cause of the bending of the light around 
.rp object. Red light (long wavelength) 
into the shadow more than violet light 
wavelength). 



[TO SPACE I 


’HERE 


TROPOSPHERE 


■e 6-3.—Refraction of radio waves in 
the ionosphere. 


■frequency radio waves bend around 
-for example, mountains. At the higher 
:ies, the bending is much less apparent, 
•ugh these effects (reflection, refraction, 
action) have been listed separately, it is 
mmon for them to occur simultaneously, 
ion, there are other factors, such as 
)ss due to absorption, changes in polari- 
tid reinforcement or cancellation due to 
s in signal path lengths. Therefore, it 
>ntly difficult to discover exactly what 
med to the radio wave during its passage 
transmitter to the receiver. 


orward Scatter of Radio Waves 

Ration of radio waves by means of 
lenomena is relatively new; that is, the 


practical application of this principle to long- 
range communication is relatively new. Much 
basic research in this field is currently being 
conducted by the National Bureau of Standards, 
and much interest is being shown by industry 
and the armed services. Because of its great 
potentialities in the field of long-range com¬ 
munication in the VHF and UHF ranges, a brief 
mention of the subject is included in this chapter. 
Additional information may be obtained from 
current literature and from NBS publications. 

Forward scatter is believed to be due to 
small variations in the composition of the at¬ 
mosphere. This lack of homogeneity maybe due 
to turbulences created by forces not clearly 
understood as yet. The net effect is a scatter¬ 
ing of radio waves in all directions, especially 
in the forward direction of travel. By the use 
of powerful transmitters, highly directional an¬ 
tennas, and high-gain receivers, scatter signals 
from the troposphere may be received up to 
600 miles and scatter signals from the iono¬ 
sphere may be received at distances of between 
600 and 1,200 miles. For tropospheric scatter, 
frequencies between 100 me. and 10,000 me. have 
been used; and for ionospheric scatter, fre¬ 
quencies between 25 me. and 60 me. have been 
used. 

Although much work remains to be done in 
this field, it seems probable that VHF fre¬ 
quencies will become increasingly important 
in long-range communications; and for ranges 
up to 600 miles where tropospheric scatter 
is effective, the useful frequency range will be 
greatly extended. 


IONOSPHERIC VARIATIONS 

Variations in the ionosphere greatly affect 
the propagation of certain radio waves. It is 
therefore necessary to include a brief treat¬ 
ment of the variations that take place in the 
ionosphere. Although a degree of irregularity 
is characteristic of all ionospheric variations, 
nevertheless it is convenient to subdivide them 
into both irregular and regular variations. 

Irregular variations cannot be accurately 
predicted in advance; regular variations follow 
a general pattern, and therefore may be pre¬ 
dicted with a degree of accuracy. 

Certain basic information on the ionosphere 
is given in Basic Electronics, NavPers 10087, 
and should be reviewed at this point. 
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Irregular Ionospheric Variations 
SUDDEN IONOSPHERIC DISTURBANCE 

This type of disturbance in the ionosphere 
is caused by radiation from solar flares that 
produce intense ionization in all layers of the 
ionosphere in daylight areas. 

Frequencies above 1 or 2 me. (depending 
on the intensity of ionization) are largely ab¬ 
sorbed in the heavily ionized D layer. Higher 
frequencies may be used for short-distance 
communications, and lower frequencies (which 
do not penetrate the D layer) may be used for 
long-distance communications. 


IONOSPHERIC STORMS 

These so-called magnetic disturbances 
(magnetic storms) occur about 18 hours after 
sudden ionospheric disturbances. The upper 
ionosphere expands and becomes diffused, the 
effects being more severe near the poles and 
less severe near the equator. They may last 
from a few minutes to several hours; the in¬ 
tensity then diminishes, and the effects disappear 
in a few days. 

During the peak of the storm and for a period 
thereafter it may be necessary to use lower 
than normal frequencies, especially in high 
latitudes. 


SPORADIC DISTURBANCE IN THE E LAYER 

Frequently, ‘ ‘clouds’' of abnormal ioniza¬ 
tion occur at the approximate altitude of the E 
layer. The occurrence is spotty both in time 
and place. This results in excellent reception 
within the normal skip distance, and occasionally 
long-distance communication may be obtained 
above 60 me. The frequency may have to be 
lowered to maintain short-skip communications. 


SCATTERED IRREGULARITIES IN THE 
IONOSPHERE 


Scattered irregularities in ion density may 
cause scattered reflections and therefore sig¬ 
nal fading because of varying phase relations 
resulting from variation in signal path lengths. 
It is a situation that must be tolerated. 


Er r Ej^ i wr i- 


Large numbers of meteorites enter the upper 
atmosphere during the course of a day. A por¬ 
tion of the energy released as these particles are 

slowed down is utilized in ionizing the at¬ 
mosphere. The volume of the atmosphere 
ionized by one of these particles is very large, 
considering the size of the particle. S may he 
several feet in diameter and perhaps a mile o 
more in length. Even though recombination d 
the ions occurs very rapidly, nevertheless im- 
zation often lasts long enough to cause ra® 

stations to be heardthatwouldnotnormallycome 

Research is currently being done in ttis 
field, and perhaps the effect of ”ete°rite 3 
on propagation may, in time, be use gr 


ks 


fe( 


to 


fa 


Regular Ionospheric Variations 
ELEVEN-YEAR SUNSPOT CYCLE 

Periods of maximum sunspot activity occur 

11 years apart. For example, th ® ?g 5 g. the 
maximum activity was during 195 - ' 

next one will be 1969-1970. 

During these periods, the Fj and J2 | ^ 
especially, increase in density and B■ * 

general, higher operating frequencies ar 
sary for long-distance communications. 

SEASONAL VARIATIONS 

During the summer months the height 
F« layer is increased, and during t e 
months it is decreased. During j-the 

months the ionization density rises ear 1 

day and reaches a higher value than in ^ 
mer months, and the pre-dawn ion > 
reaches a lower value. The Fj,E,an 
reach lower maximum densities inwin 
Medium high frequencies are use 
distance, winter communication, 

high frequencies for medium-distance c ,« 

cation. 

TWENTY-SEVEN-DAY SUNSPOT VARIATION 

These disturbances accompany suns 
tivity that occur every twenty-seven day! 
interval is the time required for the sunt°4 
plete one revolution about its axis. T 
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VAL (DAILY) VARIATIONS 

ring the daylight hours the density of the 
>rs increases; the thickness of these layers 
increases during this time. During the 

, ? d . ay » the F la yer splits into the 
d the F z layers. The ion density of the 
er varies with the vertical angle of the 
““ the ion density of the Fn layer in- 
!S to a peak somewhat later in the day. 

J ion density of the E layer varies with 
rtical angle of the sun, and the height 
is approximately constant; the E layer is 
weaker at night. 

? layer appears after dawn, and the 
isity varies with the vertical angle of the 
disappears at night. The D layer ap- 

between 40 and 50 miles above the 
surface. 


r ND- AND SKY-WAVE PROPAGATION 

Ground-Wave Propagation 

aid-wave propagation does not involve 
sphere. For convenience, it may be 
in o three, or possibly four components. 

lwt C ?~ WaVe com P one nt (fig. 6-4) is the 
nt that moves along, and in, the sur- 

he earth. The field strength of this com- 

jminishes rapidly with distance, much 
pidly than the components that move 
. e space. Absorption by the earth in- 
with increase in frequency, and there- 
y relatively low frequencies may be 





' 6-4. Ground-wave propagation. 


used for long-distance communications. A ver- 
lcally polarized ground wave is attentuatedless 
than a horizontally polarized ground wave be¬ 
cause a horizontally polarized ground wave is 
short circuited by the earth and is rapidly at¬ 
tenuated. That portion of the vertically polarized 
surface wave that is directly above the earth is 
diffracted or bent toward the surface of the 
earth m such a manner as to give the wave a 
horizontally polarized component. This dif¬ 
fraction effect further causes the wave to bend 
along the curvature of the earth, thus extending 
the range of coverage. 

Under certain conditions (for example in 
communications between low-flying aircraft 
that are relatively close together) there may 
likewise be a ground-reflected component, as 
shown in the figure, that will reach the receiving 
antenna. Because of the longer path of the 
ground-reflected wave, it may arrive out of 
phase with the direct wave or the refracted 
tropospheric wave. 

The direct-wave component passes directly 
from the transmitting antenna to the receiving 
antenna. Although the path of the direct wave is 
indicated by a straight line, there is a slight 
amount of refraction in the atmosphere because 
of small variations in density. In general, this 
effect will extend the radio horizon about 15 
percent greater than the straight-line distance 
to the horizon. 

The tropospheric wave component is the com¬ 
ponent that is refracted in the troposphere. 
Changes in atmospheric density at heights of 
several thousand feet cause considerable bending 
of radio waves, especially at the higher fre¬ 
quencies, and therefore considerable distances 
at frequencies above 50 me. may be achieved. 
Tropospheric forward scatter as a fairly re¬ 
liable means of communication up to 600 miles 
has been mentioned earlier in the chapter. 
Temperature inversion (treated later in the 
chapter) is the principal cause of tropospheric 
refraction. 


Sky-Wave Propagation 

For high-frequency (3 me.-30 me.) com¬ 
munication over great distances, sky-wave prop¬ 
agation is used. The radiated energy is di¬ 
rected toward the ionosphere and is refracted 
back to the earth at distances of hundreds or 
even thousands of miles. When multihop trans¬ 
mission is used, a sequence of refractions in the 
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ionosphere and reflections from the earth occur. 
Because of variations in height and density of the 
ionosphere, sky-wave propagation is not con¬ 
sidered as reliable as ground-wave propagation. 
However, much greater distances may be cov¬ 
ered by means of sky-wave propagation than by 
ground-wave propagation. 

The mechanics of sky-wave propagation is not 
completely understood. However, progress is 
continually being made in this study, particularly 
in the effects of sunspots and other phenomena 
on propagation. 

Figure 6-5 is a simplified illustration of sky- 
wave propagation, showing day and night propa¬ 
gation at two angles of radiation. 

As may be seen in the illustration, the lower 
the angle of radiation the further will be the 
distance from the antenna to the point where the 
energy first returns to earth. Thus, for single- 
hop transmission for great distances it is de¬ 
sirable to have low-angle radiation. At night, the 
refraction takes place in the F layer; and, for 
equal angles of radiation, the distance covered 
in one-hop transmission is much greater than it 
is during the day when the refraction may take 
place in the E layer. 

Although they are not readily apparent in the 
illustration, the following facts are important in 
sky-wave propagation: 

1. The greater the intensity of the ionization 
in a given layer the greater the refraction, 
or bending, of a wave at a given frequency 
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2. The lower the frequency (longer wave¬ 
length) the greater the refraction of a, 
wave in a given layer for a given intensity 

of ionization. . , ‘ 

Thus, it may be seen that the cr * ti ^, an |®' 

(the angle of propagation beyond whiGntheR 
energy passes through the ionosphere and does m 
not return to the earth) may be very great* 
the intensity of the ionization is high and the 
frequency is low. Conversely, the critical Mg 
may be very small if the ionization intensity is 
low and the frequency is high. 

If a low angle of radiation ^ employed at 
night (ray 3, fig. 6-5), the SKIP DKTANC 
(distance from the antenna to the po^t wh 
the wave returns to earth) is likely t 
great. Therefore, there will be an area around 
the transmitting antenna in which no sky 
will be returned. This is the SKIP ZONE, as 
far as sky waves are concerned. 

When multihop transmission is used, vry 
great distances may be covered The g o ^ 
of multihop transmission is relatively p _ 

and satisfying if one is ®°^ ent ea sy to r ' ! 
rigorous analysis of the situation, 
think of the wave leaving the antemw a 

angle less than critical, being refracted in 

ionosphere back to the earth at the e 
skip distance, being reflected bac ^ 
ionosphere, being refracted back, an■ 

In reality, however, the situation cann 
plained so easily. 
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Figure 6-5. Simplified illustration of sky-wave propagation. 
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of all, a second or third skip zone does 
Also, it is apparent that only the con- 
the ionosphere at the transmitter and 
has any bearing on satisfactory trans¬ 
it would seem that according to the 
of the transmission path the condition 
losphere between the transmitter and 
vould also be very important. Further 
may shed new light on multihop trans- 


3ING THE PROPER FREQUENCY 
Frequency Bands 


radiation for effective transmission. This re¬ 
sults from the fact that high-frequency radia¬ 
tion passes through into space and is effectively 
lost when the angle of radiation is high. Low- 
frequency radiation may be returned to earth 
even if it is radiated vertically upward (90° 

™£ iation , ang J e )‘ As a matter of fact, the 
effective height of the ionosphere can be de- 
termmed by directing low-frequency pulses 
vertically upward toward the ionosphere and 
measuring the time lapse between the trans¬ 
mitted pulse and the echo. Knowing the velocity 
of radio waves, it is relatively easy for one to 
compute the effective distance. 


6-6 shows the frequency distribution 
spectrum. The figure also indicates the 
hich portions of the RF spectrum are 
ixample, the radar bands extend from 
»the EHF band; the commercial tele- 
nnels cover portions of the VHF and 
s; and communications make use of 
bands except the EHF. The approxi- 
nces covered are also indicated, as 
e types of transmission lines com- 
i and the types of interference com¬ 
menced. 


r e Propagation Versus Frequency 

>een stated, the higher the frequency 
ssion the lower must be the angle of 


If the frequency is increased while the height 
measurements are made, it will be found that 
above a certain frequency (the critical fre¬ 
quency) echoes are not returned to earth. How¬ 
ever, if the radiation angle is reduced suf¬ 
ficiently, echoes will be returned to earth at 
some distance from the antenna. The distance 
depends on the height and density of the iono¬ 
sphere. 


For the E layer, the critical frequency is 
from 1 to 4 me., depending on the ion density 
of the E layer. For the F 2 layer (daytime), the 
critical frequency is of the order of 2.5 me., 
and for the F layer (night), it is of the order of 
12.5 me. 
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Maximum Usable Frequency 


Because less energy is absorbed out of high- 
frequency radiation during transmission, it is 
desirable to know the MAXIMUM USABLE FRE¬ 
QUENCY (MUF) that may be employed in trans¬ 
mission. Higher frequencies will pass through 
the ionosphere and will be lost to the communi¬ 
cation circuit, and lower frequencies will be 
seriously attenuated in the ionosphere. 

Data on the maximum usable frequency is 
collected by the National Bureau of Standards 
and is made available to the Navy in the pub¬ 
lication, Basic Radio Propagation Predictions. 


Lowest Useful Frequency 

As the radiated frequency is reduced below 
the MUF, more and more energy is absorbed 
from the wave and is lost, as far as communi¬ 
cation is concerned. This absorption occurs 
principally in the D and E layers, which are 
maximum during the daylight hours, especially 
for frequencies between 500 kc. and 2,000 kc. 
At a certain frequency (THE LOWEST USEFUL 
FREQUENCY (LUF)) the signal strength reach¬ 
ing the receiver barely overrides the back¬ 
ground noise. Frequencies below this cannot 
override the noise and therefore serve no use¬ 
ful purpose. 

Optimum Working Frequency 

Because both the height and the density of 
the various layers of the ionosphere may change 
from hour to hour, it is not possible to predict 
the exact MUF for each hour. Predictions are 
based on averages made over a long period of 
time. Therefore, it is necessary to choose an 
operating frequency that will not shift above the 
MUF when sudden changes in the ionosphere 
occur. This frequency (some 15 percent below 
the MUF for F 2 transmission) is called the 
OPTIMUM WORKING FREQUENCY. When the 
lowest usable frequency is only slightly below the 
maximum usable frequency, the 15 percent figure 
may not apply. 


ANOMALOUS PROPAGATION 

Anomalous means a deviation from the gen¬ 
eral rule or a condition that cannot be easily 
classified or explained. In other words, anoma- 
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lous propagation is a general term applied to all 
nonstandard radar or radio propagation. Risthe 
net effect of certain variables that may re¬ 
sult in extremely long or short ranges (par¬ 
ticularly in radar); oftentimes changing from 
one to the other or back to normal in a matter 
of a few hours or a few days. These abnormal 
or subnormal ranges (resulting from anomalous 
propagation) may, on occasion, cause some 
confusion and misunderstanding. 

Anomalous propagation is caused by changes 
in atmospheric conditions, principally in tem¬ 
perature and moisture content. Under norm 
conditions, radar energy travels in a path very 
nearly that of line-of-sight, with possibly some 
bending. In general, surface-search antennas 
are so designed that the energy is directed along 

the surface in a fairly concentrated be am. • 

ever, there is a limited amount of ver ic 

At radar frequencies some of the energyis 
lost because of high-angle scattering, 311 . 

normal conditions some of the .,f I ? erg I 0 _ ]iat ed 
propagated along the surface will be * 

in a regular manner by the passage throu^e 

air. Under abnormal conditions, othe 

may be observed. u* 

Under normal, or standard, conditions 1 

temperature of the atmosphere decrease 

and regularly from the surface of the e 
the higher altitudes, and the moisture 
varies in much the same manner. 

When a warm body of air is presen 
cool body of water, the evaporation of . 
from the surface produces a decrease 
perature and an increase in moisture con 
tion near the surface. At a certain he g 
the surface, depending on the height 0 , 

of warm air, the temperature will be gre 

the moisture content will be less than a . 

face. This results in a sharp temper 
version and a pronounced decrease m f 
content at the top of the layer of warm air ' cte d 
these conditions, radar waves are r 
more than normal and tend to follow the ^ 

of the water. Therefore, surface targets 

flying aircraft may be detected at gi® f0 J me d 
creased ranges because of the due ^ gg 
between the water and the cool ai r 

For example, off Tsingtao, China, a ^ 
actually detected an aircraft caI T ier lane g & 
miles and was even able to count the p ^ 

carrier ^ 


y were launched from tne 

Radar surface coverage can likewi ^ 


uautu- Buna.ee age -- 

versely affected, as for example whentn 
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tied in the atmosphere itself instead 6f 
he surface, particularly when the duct 
upward. If meteorological conditions are 
lat the air is cool and moist up to a 
altitude and above this there exists a 
xxiy of air, temperature inversion will 
e be present. However, the “duct” 
:med in the strata of warm air will have 
lection with the surface of the water. If 
uct” tilts upward, it is possible that 
will be trapped in the “duct” and will 
i increase in high-angle coverage but a 
i reduction in low-angle or surface cov- 

jries of these “ducts” exists during cer- 
riods of the year at a location about 60 
the coast of southern California. Their 
however, is to establish phantom targets 
ly be plotted. They appear to be moving 
dly as 60 knots. 


radiation of radar signals is covered in the 
next three chapters. The information that will 
now be presented will be a review of some of the 
characteristics of the signals that will be utilized 
in the coverage given to waveguides, micro- 
wave techniques, and antennas. 

The principal characteristics of the trans¬ 
mitted radar signal are—(1) pulse width; (2) 
pulse-repetition frequency; (3) beamwidth; and 
(4) power relation. 

Pulse Width 

A pulse of energy is radiated each time the 
radar’s magnetron is permitted to oscillate. The 
duration (time) of that oscillation is the pulse 
width. Figure 6-7 depicts the radar pulse as a 
rectangular envelope; in actuality the pulse is 
many cycles of RF energy released by the 
magnetron for that duration of time. 


EFFECT OF ANTENNA SITE 

lid you be required to set up a VHF or 
Jmmunication station at a forward base 
lome training location, careful attention 
be given to antenna location. In general, 
rules apply—(1) locate the antenna as 
om the ground as is practical; (2) in 
istallations locate away from manmade 
(3) locate on the highest ground in the 
4) if possible, choose a site that is flat, 
no hills or forests. 

leal considerations may not permit com- 
with all these general rules; however, the 
• relates to antenna height is most im- 
When vertically polarized transmission 
a water is used, antenna altitude is less 
at in the lower VHF frequencies. But, 
igher VHF and all UHF frequencies the 
should be elevated. When horizontal 
lion is used, the higher the antenna 
r—at all frequencies. 


DAR RANGE CONSIDERATIONS 

section on radar signals does not, in 
sense, belong in this chapter, “Propa- 
Radio Waves.” However, it is 
>d important that certain factors con- 
radar signals be presented before 
? the information on production and 
of radar signals. Production and 


PEAK POWER 
-AVERAGE POWER 

pulse^ : : 0 

WIDTH > RESTING TIME-►{ 

I » 

r—PULSE REPETITION TIME—~ 

Figure 6-7.—Relationship of peak power and 
average power. 

When the magnetron begins oscillation, the 
pulse energy begins to travel away from the 
antenna. If the pulse is 2 microseconds long, the 
leading edge of the pulse will have travelled ap¬ 
proximately 2,000 feet (actually somewhat less) 
by the time the pulse has ended; therefore, ob¬ 
jects within the range of 1,000 feet cannot be 
detected by the radar. The detection of objects 
slightly more than 1,000 feet away depends on 
(1) the shape of the trailing edge of the trans¬ 
mitted pulse; (2) the recovery time of the TR 
switching device; and (3) the recovery time of 
the receiver circuits. All of these affect range, 
but the factor that absolutely limits the mini¬ 
mum range of a radar is the pulse width. 

Figure 6-7 depicts the transmitter pulse as 
having sharply defined leading and trailing edges; 
actually the transmitter continues to send out 
energy for a short time after the pulse has es¬ 
sentially ended. This INCREASES (lengthens) 
the minimum range at which targets can be 
detected. The TR switching device, being a 
gas tube, requires a certain amount of time to 
de-ionize; this further limits the minimum 
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range. Recovery time of the receiver is the 
time required (1) to remove cutoff voltages that 
are applied to the receiver circuits during 
transmit time, and (2) to remove the voltages 
caused by high power leakage into the receiver. 
Removing receiver cutoff voltages is called 
“dunking.” 

Pulse width also determines target dis¬ 
crimination—that is, the ability to separate 
targets that are in close proximity. Two tar¬ 
gets in line with the radar antenna appear as 
one thick target on the radar-indicator screen 
if the distance between the targets is less than 
the distance corresponding to the width of the 
transmitted pulse. For good target resolution 
the pulse width must be small. 


Pulse-Repetition Frequency 


should appear in exactly the same position to i; 
avoid blurring. * 

In an airborne radar most but not all of the ill 
rest period between pulses is used to produce * 
the sweep on the indicator. This allows a less h 
rigid adherence to the PRF. For example,if t 
the rest period is 1,000 microseconds, only 998 k 
microseconds may be used. 1 


Sufficient time must be allowed between 
rtuloes for an echo to return from 
iTtoget located within the maximum workable 
any „f £ the radar. This necessary time in- 
n fixes the highest frequency which can be 
te /ed or The pulse-repetition rate. Factorsthat 
used for me P reoetition frequency of a 

limit the (!) screen persistence of the 

SESS m». *«■« •'—— 

SJSS.s.“ ’ss 

of energy strik ® . tin J e a sufficient number of 
time. Dun* “£ transmitted in order to 

pulses of ® ne fL hic h will produce a lasting indi¬ 
return a ^fj^r screen. Therefore, with 
cation on the peak power, persistence 

a given pu 1 ®* d t he rotational speed of the 

of tbe determine the lowest repetition rate that 

antenna deternuu 

can be used. the entire time interval 

to a r d «mTtted pulses is used to produce the 
between J the repetitio „ frequency 

sweep on ‘ he h J" .table if accurate range meas- 
must be hl S“ y f d H the PRF is not stable, 
urement is desire - at th e same place 

the targets will n PP The indicator sweep 
on successive s^ P,^ as the pulse . there- 

starts at the s00n er or later 

fore, the target w ^ „ the pulses occur 

than on the P rece “ time . When this occurs, 

at varytnf ^ definite but wiil be blurred, 

the target will n ^ norma lly have a 

Si "ativeTy ?ong persistence, successive traces 


Beamwidth 


The pulse from a radar is not projected Into 
space in a pencil-thin line, but fans outto form a 
lobe. Figure 9-6 of chapter 9 depicts a lobe 
pattern with its half-power points. The beam- 
width can be defined as the angle formed be¬ 
tween the antenna and the half-power points d 
the lobe pattern. This angle contains the greatest 
percentage of energy in the pulse. 

Beamwidth is a function of antenna gain. By 
increasing the antenna gain, more power is 
transmitted along the axis of the antenna be- j 
cause the beamwidth narrows. The gain of a 
radar antenna depends on the size and con¬ 
struction of the antenna and the operating fre¬ 
quency. The higher the operating frequency, 
the greater the antenna gain for a given size, 
and the narrower the beam. Therefore, 
range of a radar can be increased by increas¬ 
ing antenna gain. This occurs because 
the usable energy of the pulse is contone 
narrower beam and targets reflect more 
from each pulse. However, a narrow^ 
may necessitate (1) a slower antenna r U 
or (2) a higher PRF. These prevent are 
from being skipped by the beam. 


The beam from a radar has ver 
as well as horizontal width, and the 
antenna used determines thebe amshape.^ 
radar beams have a wider horizontal^ 
tical width. Some beams are very h 

vertical width, and in order t0 
vertical distance (altitude) the an 
to move up and down (nod). 


Power Relation 


. _ ot? energy 

A radar transmitter genera ,, 


in the form o: 
then turned off 


transmit A - lapfl ana » 

of extremely short P at ively 

ff between pulses for compar 
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rvals. The useful power of the trans- 
that contained in the radiated pulses 
•med the PEAK POWER of the system. 
i normally measured as an average 
er a relatively long period of time, 
radar transmitter is resting for a time 
Long with respect to its operating time, 
ge power delivered during one cycle of 
is quite low compared to the peak 
ailable during the pulse time, 
inite relationship exists between the 
power dissipated over an extended 
time and peak power developed during 
5 time. The time of one cycle of 
is the reciprocal of the repetition 
r, T s 1/f. Other factors remaining 
the greater the pulse width the higher 
ige power; and the longer the pulse- 
i time the lower the average power. 

age power _ pulse width _ 

power ” pulse-repetition time. 

leral relationships are shown in figure 

operating cycle of the radar trans- 
n be described in terms of the fraction 
d time that the RF energy is radiated. 
i relationship is called the duty cycle 
ye represented as 

se width . . . 

P repetition time ' duty cycle - 


In the above example it may be assumed that the 
peak power is 200 kilowatts. Thus, for 2 
microseconds, 200 kilowatts of power are avail¬ 
able, while for the remaining 1,998 microseconds 
zero power is available. 


average power = peak power x duty cycle 


average power = 200 x 0.001 = 0.2 kilowatts 


These relationships are shown in figure 6-8. 

High peak power is desirable to produce a 
strong echo over the maximum range of the 
equipment. Low average power enables the 
transmitter tubes and circuit components to be 
made smaller and more compact. Thus it is 
advantageous to have a low duty cycle. The peak 
power which can be developed is dependent upon 
the interrelation between peak and average 
power, pulse width and pulse-repetition time, 
or duty cycle. 



Figure 6-8.—Duty cycle. 


Since 


Then 


pie, a 2-microsecond pulse repeated 
e of 500 times per second represents 
le of 0.001, since the time for 1 cycle 
econd, or 2,000 microseconds: 

2^ = 0.001 = duty cycle 

*e, the ratio between the average 
peak power may be expressed in 
le duty cycle: 


verage power 
eak power 


= duty cycle 


APPLICATION CONSIDERATIONS 

The job for which a specific radar system 
is designed will determine all of its operating 
characteristics, but some factors appear con¬ 
stantly in all pulse-type considerations. An 
“ideal” pulse would (1) be very short in pulse 
width to detect near targets and separate tar¬ 
gets that are close together; (2) have high peak 
power and high average power for maximum 
range; (3) have a narrow beamwidth for ac¬ 
curate azimuth location of target and stronger 
signal echo; and (4) have as its indicator a high- 
persistence CRT to permit a low PRF. 
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QUIZ 


1. Ionospheric storms (magnetic storms), 
which occur about 18 hours after ionospheric 
disturbances, have their greatest effect on 
communications 

a. on direct transmission 

b. at the equator 

c. at the North and South Poles 

d. on anomalous propagation 

2. For a given amount of ionization, the bend¬ 
ing (refraction) of radio waves in the iono¬ 
sphere 

a. becomes greater as frequency is in¬ 
creased 

b. remains the same regardless of fre- 

c becomes less as frequency is increased 
d! depends on the altitude of the ionized 

layer 

3. Speed of antenna rotation and CRT per¬ 
sistence limit the 

a minimum pulse-repetition frequency 
b maximum pulse-repetition frequency 

c. minimum pulse width 

d. maximum pulse width 

4 - i"mi ec ^r*rv« c tic r ^y e 

s f«- 

b * • Ltal to the earth’s surface 

^^perpendicular, with the E fieldhor,- 
C * *?1 to the earth’s surface 
d . Tnot determine polarization 

6 ionization of the atmosphere is affected ir- 

r Tn la earth's rotation about its axis 

a. the eartn about its axis 

»• th ete“ites entering the atmosphere 

t ^ height of the F 2 layer 

, The effective height of the ionosphere can 

b - be determined_ b y verti cally and de- 

a. radiating lowest frequency that will 

termining tn ® 

return to eart ^ takes a vertically 

b - SSSSSSd pulse of energy to return to 

. the ‘maximum distance a signal can be 

d . the minimum distance a sky wave canbe 

received 


A radar CRT with a low persistence re¬ 
quires which of the following? 

a. High PRF and high antenna speed 

b. Low PRF and high antenna speed 

c. High PRF and low antenna speed 

d. Low PRF and low antenna speed 


An antenna’s directivity is determined by 

a. the absence of nulls when making a polar 
plot 

b. the amount of power required for opera¬ 
tion 

c. its ability to receive or transmit energy 
in the desired direction 

d. the polarity of the energy transmittedor 
received 


9. The height of the F^ 


and F 2 layers are 


varied regularly by 

a. sporadic F layers 

b. magnetic storms 

c. seasonal and eleven-year sunspot cycle 

d. solar flares 

10. For a given angle of radiation the critical 

a^hi’ghest ‘frequency that will he refract 
from the ionosphere 

b. frequency that will reach a 8 iven . t 

c. frequency that will completely penetrate 
the ionosphere 

d. frequency assigned by the FOC 

11. For a given antenna dish size,. in ^! 
in the operating frequency of the 

mitter will result in . 

a. lower gain and greater beamwidth 

b. higher gain and less beamwidth 

c. lower gain and less beamwi h 

d. higher gain and greater beamwidt 

12. Reflection of electromagnetic radiation 

the result of the wave d re . 

a. bouncing off an object w 

fleeting surface returning 10 

b. entering the ionosphere and 

earth and moi*' 

c. passing through tempera 

ture layers in the atmosph large 1 

d. being reradiated from _ a x h incid* nt 
than one-half wave length ol tn 
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i density of the ionosphere changes from 
son to season because of 

rurface >n temperature of the earth's 

changes in attitude of the earth with 
espect to the sun 
emperature inversion 
he variation of radiation from the sun 

t is the reason for using as high a 
uency as possible for sky wave trans- 

ess attenuation at higher frequencies 
ess interference from noise 
ess effect due to changes inionosphere 
the F 2 layer can be used all the time 

ch radar antennas normally have 

g vertical gain and low horizontal 
in 

de vertical beamwidth and narrow 
rizontal beamwidth 

w vertical gain and low horizontal gain 
rrow vertical beamwidth and wide 
rizontal beamwidth. 

lectromagnetic wave is refracted by 
ucing a good conducting surface 
mg bent as it passes through varying 
lsities of atmosphere 

ng bent around peaks such as moun- 
ns 

iking any object one-half wavelength 
more in size 

Ption of RF energy traveling as a 
1 wave will increase 
r salt water 
h vertical polarization 
i decreased frequency 
i increased frequency 

lous propagation is caused by 
spot activity 
earth’s rotation 
>rmal atmospheric conditions 
luctivity of earth’s surface 


Uhf pa d ! 6r propagation at VHF and 
UHF ranges has given satisfactory com¬ 
munications up to 1,200 miles at fre¬ 
quencies of 

^ scatter* 0 megaCycles ’ usin g ionospheric 

b. 100 to 10,000 megacycles, using tropo¬ 
spheric scatter F 

C * scatter° megacycles * usin 8 tropospheric 

d. 100 to 10,000 megacycles, using iono¬ 
spheric scatter 

20. In propagation by sky wave, 

a. skip zone increases as frequency is de¬ 
creased 

b. critical angle increases as frequency is 
decreased 

c. skip distance increases as frequency is 

decreased r 

d. high frequencies will bend in the iono¬ 
sphere more than low frequencies 

21 ’ Th ? ^tion of a VHF antenna should 

a. be high above ground, on a flat site 
away from a wooded area 

b. be mounted horizontally for best ef¬ 
ficiency 

c. not be mounted near salt water areas 

d. have no effect on transmission and re¬ 
ception 

22. Ground-wave propagation is 

a. not affected by conductivity of the earth 

b. normally vertically polarized to elimi¬ 
nate noise 

c. effective for long range communica¬ 
tions 

d. normally vertically polarized for mini¬ 
mum loss of transmitted signal 

23. The factor that absolutely limits the mini¬ 
mum range of a radar is 

a. pulse width 

b. pulse-repetition frequency 

c. receiver sensitivity 

d. duty cycle 
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CHAPTER 7 


WAVEGUIDES AND CAVITY RESONATORS 


The frequencies employed by microwave 
equipments, such as radar, make possible the 
use of two unique, but very practical devices- 
waveguides and cavity resonators. A WAVE¬ 
GUIDE is a hollow pipe for transferring high- 
frequency energy. A CAVITY RESONATOR is 
/hollow metallic cavity in which electromagnetic 
oscillation can exist when the cavity is properly 
excited. The purpose of this chapter is to 
acquaint you with these devices. It discusses 
their theory, operation, and uses. 

WAVEGUIDES 

Guided and Unguided Electromagnetic Waves 

ra i there are two methods for trans- 

ge T,weal energy: one is by current flow 
ferring elect 1 ^ , g by movemen t of 

in conductors, tn f . elds ^ space , Elec trical 

electromagnet! ^nsferred as current flow in a 

energy <* n of transmission lines, for ex- 

number of s coa xial lines. In 

ample YnerffV is transferred by moving electro- 
space, energy example being the radiation 

jnagnetic field s radio antenna . Many electro- 
of energy fro . move in spaC e are con- 

magnetic fields h between the earth and 

fined largely ‘0 the ar^ ^ ^ q{ ^ 
the ionospher > s ^ tMck layer or c i oud of 
(The ionosphere s which exists at a height 
{ree ions Md ete the earth.) The change 

° £ about 60 mD ant o{ thls part of the 

in the dielectnc lent tQ refract lectr0 . 

atmosphere »s strike it Ht his refraction 

magnetic fields will be returned to 

is great enough the De magnet . c ^ are „ ot 

the ear f * f0 r extremely high-frequency radia- 
returned, for & almost perpendicularly pene- 
lions that strilce it almom P ^ electr0 _ 

trate the ‘°“° s P“ t re d0e s not start out in a 
magnetic ^ ^ earthandth e ionosphere 


follows a zigzag path between these two areas 
and may or may not be reflected back to the 
earth. 

Although the transfer of energy by electro¬ 
magnetic fields and by currents in conductors 
may seem to be unrelated phenomena, actually 
at present, electronics scientists tendtoregard 
even two-wire lines as elements which guide 
electromagnetic fields from one place to another. 
The currents in the wires are considered in¬ 
cidental to the action and the result of the 
moving fields. 

A two-wire line is a poor guide for trans¬ 
ferring electromagnetic fields, because it does 
not confine the fields in a direction perpen¬ 
dicular to the plane which contains the wires. 
(See (B) of fig. 7-1.) This results in some energy 
escaping in the form of radiation. Electro¬ 
magnetic fields may be completely confined 

this direction when one conductor is exi 
around the other to form a coaxial cable, 
shown in (C). In a coaxial cabie, energytransH 
also is said to take place by the motion 
electromagnetic fields, rather than y ^ 
flow. However, this method is not very aect 
at very high radiofrequencies since sUnj ^ 
limits the current carrying area oi! a cond 
to a thin layer of its surface Another oi^ 
advantage is that the ability of the fie aS _ 
is limited by the amount of current ^ ^ 
sociated with it. When the **?&**}Educed 
ductor is increased, current fl ° , of the 
accordingly. This reduces the magmtud ^ ^ 
fields. On inspecting the "O SS SeC “ face area 
coaxial cable, you can see that the sur ^ ^ 
of the inner conductor is much 1 
surface area of the outer conductor m ^ 
the inner conductor to retard th , uctor and 

siderably more than , th fL Efficiency of en^ 
results in a reduction in the effi J teT con- 
transfer. If you could remove thece might W 
ductor and retain the fields, ene gy 
transferred with less loss. 
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IONOSPHERE 




FIELD NOT CONFINED 
IN THIS DIRECTION 


-AFIELD CONFINED 
IN THIS DIRECTION 


) END VIEW OF TWO WIRE LINE 
ELDS CONFINED IN TWO DIRECTIONS 
BUT NOT IN OTHER TWO. 



END VIEW OF COAXIAL CABLE 

:lds confined in all directions 
igure 7-1.—Guiding waves. 

magnetic fields can transfer energy in 
ih does not have a center conductor 
he configuration of the fields is 
compensate for the missing con- 
s object remaining, which is virtually 
>e, is called a WAVEGUIDE. A wave - 
not necessarily have to be circular 
section. Practical waveguides, for 
ire usually rectangular in cross 


Metallic walls are not necessary to guide 
electromagnetic fields in a waveguide, for the 
fields will be reflected whenever they encounter 
any kind of a substance which has a different 
dielectric constant from the substance in which 
they are traveling. For example, fields can be 
made to travel through a ceramic rod although 
with some loss of energy. When they encounter 
the air at the surface of the rod, they are 
reflected back into the rod. 

Waveguides Vs. RF Lines 

As you previously learned, the three types of 
losses in RF lines are copper losses, dielectric 
losses, and radiation losses. Briefly these losses 
are described as follows: Copper loss is an I2R 
loss. It becomes appreciable whenever skin 
effect reduces the conducting area of the lines. 
Dielectric losses, as you recall, are losses due 
to the heating of the insulation between con¬ 
ductors. Radiation losses are losses due to 
energy escaping from RF lines in the form of 
radiation. 


ADVANTAGES OF WAVEGUIDES 

Considering waveguides from the point of 
view of these losses, they have the following 
advantages: 

1. Copper losses are small in waveguides. 
Since a two-wire line consists of a pair of 
conductors which are small, the surface area of 
each is likewise small. Although the surface area 
of the outer conductor of a coaxial cable is 
large, the inner conductor is small and pro¬ 
duces considerable copper losses. On the other 
hand, a waveguide does not depend on conduction 
through a center conductor. Therefore, when¬ 
ever current flows, this flow is in the walls, and 
copper losses are less than those in other types 
of lines. 

2. Dielectric losses are small in waveguides. 
In two conductor lines, some form of insulation 
is used between the conductors. The fields which 
move around this insulator cause heat, and the 
heat in turn takes power from the line. A wave¬ 
guide has no center conductor to support. 
Furthermore, there is only air in the hollow 
pipes. Since the dielectric loss of air is negli¬ 
gible, it follows that the dielectric losses in a 
waveguide are small. 

3. Radiation losses are less in a waveguide 
than in a two-wire line. In a waveguide, fields 
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are contained wholly within the guide itself, just 
as in a coaxial line. Therefore, only a negligible 
amount of energy is radiated. 

4. The power-handling capacity of a wave¬ 
guide is greater than that of a coaxial line 
having an equal size. Power function of E2/Z0, 
where E is the maximum voltage in the traveling 
wave and Z 0 is the characteristic impedance of 
the line. E is limited by the distance between the 
conductors. In the coaxial line (fig. 7-2), this 
distance is Sf. In the waveguide, the distance 
which is S2 is much greater than Si. Therefore, 
the waveguide is able to handle greater power 
before the voltage exceeds the breakdown po¬ 
tential of the insulation. 




WAVEGUIDE 


Figure 7-2. —Comparison of spacing in 
coaxial line and waveguide. 


lower than about 3,000 me. If the critical di¬ 
mension of the guide is less than a half wave¬ 
length, energy will not be propagated through the 
waveguide. The reason for this is that for any 
given waveguide there is a cutoff frequency, 
below which it does not function as a power 
transfer device. This also limits the frequency 
range of any system using waveguides. Coaxial 
cables do not have this limitation for they have 
no cutoff frequency and will transmit low as 
well as high frequencies. 

The installation and operation of waveguide 
transmission systems are somewhat more diffi¬ 
cult than for other types of line. The radius of 
bends in the line must be greater than two 
wavelengths to avoid excessive attenuation. This 
fact may hamper installations in restricted 
spaces. If the guide is dented, or if solder is 
permitted to run inside the pipe when joints are 
made, the attenuation of the lines is greatly in¬ 
creased. In addition to the increased attenuation 
that they cause, dents or beads of solder also 
reduce the breakdown voltage of the waveguide. 
Although such faults may not cause actual arc- 
over in the guide, they limit the power-handling 
capacity of the system and make the possibility 
likely. Thus, unless great 


of arc-over more - „ 

care is exercised in the installation, one or two 
carelessly made joints may completely nullify 
A waveguide is simpler to construct than the initial advantage obtained from the use 

° • - - ikA rmnta-x <->nnHnptriT is the wovoffililip 


a coaxial _ 

eliminated completely 


line, since the center conductor is 


fiThe physical stamina of a waveguide is 
6. The p Qf a coax j a i une. Unlike a 

it has no center conductor or 
can be displaced or broken. 


greater than 
coaxial line, 
insulators which 


DISADVANTAGES OF WAVEGUIDES 

. w of the advantages, you may wonder 
In vieW L* are not used exclusively for 
why waveguides There ig> howeve r, one 

transferring which makes waveguides 

major disadvantage ^ ic extremely high fre _ 

impractical a / a _ gectiona l dimensions of a 
quencies. ™ ^ ^ ^ order of a half wave- 

waveguide contain electromagnetic fields 

length for i * aveg uide used at one megacycle, 
properly. A ab out 700 feet wide. A 

for exampl - ide would have to be about 

200 me. tMs * higher frequencies, such 
4 feet wide, wni ^ only Qne lnch wide. 

as 10,000 me.,1 whlch waveguides re- 

Theref°«’ "em impractical at any frequency 


the waveguide. 

WAVEGUIDE THEORY 

An exact mathematical analysis of the way 
in which fields exist in a waveguide is 
complicated. However, it is possible t° obtain 
an understanding of many of the pr°P«rt ® 
waveguide propagation by using the olow 
simple analogy, which shows ^w the fields ar^ 
able to exist in a waveguide and how they 
be handled. 

Analogy of Waveguide Action From a Two- Wire 
RF Line 

To understand the action of a 
assume that it has the form of atwo-wi 
In this condition there must be som the 
supporting the two wires. Furthers ^ nQ 
support must be a nonconductor, su ^ 

power will be lost by leakage t ing the 

efficient way for insulating and 
two-wire line is shown in figure 7-J ^ 
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gure 7-3.—Insulating the two-wire line. 


s spaced, insulated, and supported by 
ain standoff insulators. At radiofrequen- 
tne absorption of power by the dielectric 
la J (insulators) causes them to appear as 
stance and capacitance. The equivalent 
c j at radiofrequencies is shown 

o the figure. For frequencies of 3,000 
?? above a better insulator than non- 
porcelain must be used. A superior 
equency insulator for this purpose is a 
-wave section of RF line called a metallic 
(See fig. 7-3 (C).) Since there are no 
ric losses in a quarter-wave section of 
hne, the impedance at the open end 
,n the two-wire line) is very high, 
e allic insulator can be placed anywhere 
1 ^ w °-wire line. Several insulators on 
le of a two-wire line are shown in figure 
- A point to note in this line is that the 
s 3f e a quarter-wave at only one fre- 
This limits the high efficiency of the 
e line to only one frequency, 
use of several insulators results in 
d con ductivity of a two-wire line when the 
are connected together. This connection 
between the two adjacent insulators 
a switch, as illustrated in figure 7-4 
B n the switch is open, both quarter- 
cttons are excited by the main line. In 



Figure 7-4.—Development of waveguide by 
adding quarter-wave sections. 

this condition, there will be standing waves on 
the quarter-wave sections. When the switch is 
connected to the same place on each section, 
the relative phase relationship of the voltages 
at the connection will be the same for each 
section. In this condition, the No. 1 section will 
be excited first by the generator. When the 
switch is closed, the No. 2 section will be partly 
excited by the No. 1 section through the switch 
connection. In this condition, less energy from 
the main line will be required to excite the 
No. 2 section. The parallel paths shown cause 
less resistance to exist along a given length of 
line, and energy is transferred with less copper 
loss. 
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When additional sections are added to the 
ime until each section makes contact with the 
next, the result is a rectangular box in which 
the line is at the center, as shown in figure 
7-4 (C). The line itself is actually part of the 
wall of the box. The rectangular box thus formed 
is a waveguide. 


EFFECT OF DIFFERENT FREQUENCIES ON 
A WAVEGUIDE 


line is made up of a wide bar or strip in each 
wall of the guide, as shown in (B). The shorter 
distance remaining is the shorter quarter-wave 
section. Thus, the wide bar shown is theoreti¬ 
cally well insulated at any frequency higher than 
the near-minimum frequency illustrated in (A). 
In reality, there is a practical upper frequency 
limit to which this analogy is applicable. For 
example, when the bar is a half wavelength 
across, the waveguide will be four quarter 
wavelengths across and may act as thoughthere 
were two bars instead of one. 


(?■ 


s 


~! 


Previously it was stated that a quarter- 
wave section is limited in operation to a certain 
frequency. However, when a solid wall of in¬ 
sulators is added, the section will operate at 
other frequencies. The waveguide shown in 
figure 7-5 (A) is the one just discussed. When 
the frequency being transferred by the guide is 
made higher, the quarter-wave section must be 
shorter. These shorter wavelengths are easily 
accommodated if you assume that this two-wire 
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(B) 


BEIOW MINIMUM fBEOUENCY 

(C) 


7 * —Effect of different frequencies 
Figure i- * . n the wav eguide. 


The next consideration is a frequency which f , 

is lower than the original frequency. Lowering 
the frequency in a given waveguide will lengthen 
the sections and narrow the bar. Below a certain 
frequency this bar does not exist because the 
quarter-wave sections meet one another. At a 
still lower frequency, the sections become less 
than a quarter-wave. (See fig. 7-5 (C).) A 
shorted section less than a quarterwave is in¬ 
ductive. Thus, the impedance across the place 
where the conducting bars belong, is NOT a high 
resistance but an inductance. The inductive 
reactance will dissipate the energy swiftly 
through high currents which flow back and for 
in the line as though the inductance were taking 
energy during one half cycle and then returning 
it to the line during the next half cycle. T us 
it follows that in a waveguide there is a low- 
frequency limit or cutoff frequency, beloww c 
the waveguide cannot transfer energy. The wi 
of the waveguide at the cutoff frequency iseq 
to one half wavelength, since at this 
the two quarter-wave sections touch and a 
one another. Mathematically, the cutoff wa 
length is expressed by the equation, 


A = 2A 
c 


where X„ is the cutoff wavelength, and A is the 

wide dimension of the rectangular cros 


Cutoff occurs when the width of a wa 7f^j re 


Cutoff occurs when the wiain ui a " e 
s below a half wavelength. Most waveguide 
hen made 0.7 wavelength in the widei dthe 

o give a margin between the actual 
size for cutoff. The other dim f n f^ ar i y , as 
iistance between conductors, and s ol tage 
.n the two-wire lines, is governed by tn y 
breakdown potential of th f dl . e Jf nf q 2 to 0.5 
nr), and other factors. Widths of 
wavelengths are common. 
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Chapter 7-WAVEGUIDES AND CAVITYR ESONATORS 
Electromagnetic Fields in a Waveguide 


An understanding of the fields present in a 
ravegmde is necessary in order for the guides 
obe used effectively. Energy in a waveguide is 
ransferred by the electromagnetic fields, while 
^ ren ! S “ d cottages merely aid in forming 
hese fields It is important to know when a 
ood current path is required and where the 

™ g \ Wl11 ^ ^ gh * Mso lt is im P°rtant to 
now where the fields will exist since it is bv 

!Z S ,°V he f fieldS that ener ^y is normally 
introduced into or removed from the guides. 

he operation of a waveguide involves two kinds 
fields—the electrostatic and the electro- 
agnetic. 


E1E ELECTRIC FIELD 

exist ence of an electrostatic (electric 

nl ^ Cat f ! hat there is a differ ence in the 
mber of electrons between two points. The 

nplest form of electrostatic field is the one 
ich occurs between the two parallel plates of 
capacitor. (See fig. 7-6 (A).) When the top 
, of the capacitor is made positive by a 
S’ electrons move from the top plate and 
>osit themselves on the bottom plate. This 
® et ® U P a stress in the dielectric 
arrmi/c 6 P ,? ates ' This stress is represented 
itiw f’u Wh ° Se direction is from the more 
V0l 1 ta ^ e Point to the less positive, or 
* a 7f: y° lta ? e P 0 ^. The amount of stress is 
, w<1 }* y . eithe r the length or the number of 
I a c hr, } 0ns arrow represents more stress 
is thl* 111 re P res enting electrostatic 

n G the . ^ UMBER of arrows indicates the 
ngth of the field (fig. 7-6). In the case of 
p citor, note that the arrows are evenly 
ea across the area between the two plates. 
.®J olta p a cross the plates is the same at 
P ints, the electrostatic lines between the 
■ are evenly distributed. This set of lines 
d t?p e i e T C ^° Static field ‘ ™s field is usually 
E FTft E ^TRIC FIELD and is abbreviated 

-lines The lines of stress are called 

0f Ugure 7 ~ 6 that the two-wire 
nf , line has an instantaneous standing 
oi voltage applied to it. This line is equal 
avelength. At the same time, part of it 
ve, while another part is negative. The 
aneous electrostatic field (E-field) is the 
e negative and positive points, but the 
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-/ 
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Cb) 


SHORT CIRCUIT 




Figure 7-6.—Electric field between capacitor 
plates and a full-wave section of two-wire 
line. 


arrows representing each field point in opposite 
directions. The voltage along the line varies 
sinusoidally. Therefore, the density of the E- 
lines varies sinusoidally. 

An easy way to show the development of the 
E-field in a waveguide is from a two-wire line 
which has quarter-wave insulators. Figure 7-7 
shows the two-wire line previously discussed 
with several double quarter-wave insulators, or 
half-wave frames used as insulators. 

The E-field on the main line is the same as 
that in the transmission line, as illustrated in 
figure 7-6. The half-wave frames located at 
points of high voltage (strong E-field) will have 
a strong E-field across them. The half-wave 
frames located at a voltage minimum point will 
have no E-field across them. Frame (A) of 
figure 7-7 is an example of an insulator which 
has a strong E-field across it. Each frame is 
shown separately below the main line for a 
clearer view. Frame (B) is at zero voltage point, 
so it will have no field on it. Frame (C) also 
has a strong field, but its polarity is reversed. 
Frame (D) has a weaker field on it due to its 
being at a lower voltage point on the main line. 
The picture shown is a buildup to the three 
dimensional aspect of the full E-field in a 
waveguide. 

Figure 7-8 shows the E-field in an actual 
waveguide. This is the field which results when 
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Figure 7-7.—Magnitude of fields on half-wave frames 
vary with strength of field on main line. 
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Figure 7-8.-E-field on an actual waveguide. 
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inite number of quarter-wave sections are 
:ted to the line to form a rectangular 
"he E-field is strong at one-quarter and 
quarter distances from the shorted end 
comes weaker at the sine rate toward the 
and lower walls and toward the ends and 
. Again the phenomenon of wavelength is 
t, as shown in (A). You should realize, of 
, that this is an instantaneous picture 
it the time the standing wave of voltage 
ts peak. At other times, the voltage and 
vary from zero to the peak value, re- 
' Erection every alternation of the ao- 
3ltage. 

tain boundary conditions must exist in 
or propagation to occur in a waveguide 
incipal one is that there must be no 
' held tangent to the walls of the guide, 
satisfied by the E-field diminishing to 
the top and bottom of the guide by natural 
action; while at other places, the field 
sndicular to the walls. 


conductor. The presence of the force is shown 
by closed loops around the single wire in (A) 
of figure 7-9. The closed loops are formed erf 
magnetic lines of force, or H-lines, which must 
be continuous, or closed, in order to exist. 
These lines are associated with a current-their 
number varies directly with the amount of cur¬ 
rent present; and the total number of lines con¬ 
sidered collectively is called the H-FIELD. 
Each H-line has a definite direction, which can 
be determined by use of the left-hand rule- and 
m ^e diagrams which follow, the strength of the 
field is indicated by the number of H-lines drawn 
in a given area. 

Although H-lines encircle a single straight 
wire, they behave differently when the wire is 
wound into a coil. (See fig. 7-9 (B).) In a coil 
the individual H-lines tend to form around each 
turn of wire, but in doing so take opposite 
directions between adjacent turns. This causes 
cancellation and results in zero field strength 
between the turns. But inside and outside the 



Figure 7-9.—Development of magnetic field or H-field in the waveguide. 


JNETIC FIELD 

econd field which must always exist in 
de is the magnetic field. The magnetic 
w hich make up the magnetic field 
a by the MOVEMENT of electrons in 
cting material. All the tiny magnetic 
*rted by the individual moving electrons 
“ er and form a large force around the 


coil, the directions are the same for each H- 
field. Therefore, the fields join and form a 
continuous H-line around the entire coil. 

Similar action also takes place in a wave¬ 
guide. In diagram (C) of figure 7-9, a two-wire 
line with quarter-wave sections is shown. Cur¬ 
rents flow in the main line and in the quarter- 
wave sections. The current direction produces 
the individual H-lines around each conductor 
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When a large number of sections exist, the field 
cancels between the sections but their directions 
are the same inside and outside the waveguide. 
At half-wave intervals on the main line, current 
will flow in opposite directions. This produces 
H-line loops having opposite directions. In (C), 
current at the left end is opposite to the current 
on the right end. The individual loops on the 
main line are opposite in direction. All around 
the framework, they join in such a manner that 
the long loops shown in (D) are formed. Outside 
of the waveguide, the individual loops cannot join 
to form a continuous loop. Thus, there is no 
magnetic field outside of a waveguide. 

Figure 7-10 shows a conventional presenta¬ 
tion of the magnetic field in a waveguide three 
half wavelengths long. Note that the field is 
strongest at the edges of the waveguide. This is 
where the current is the highest. The current 
is lowest at the center of each set of loops 
because there the standing wave of current is 
zero at all times. The picture shown represents 
an instantaneous condition. During the peak of 
the other half cycle of a-c input, all field 
directions are reversed. An instantaneous 
picture of this condition would show the fields 
reversed at half-wave intervals, since the 
current in the long line is reversed over half¬ 
wave distances. 

A second boundary condition necessary for 
electromagnetic fields to transfer power is 
satisfied by the configuration of the magnetic 
field. This condition requires that at the surface 
of the waveguide there be no perpendicular 
component of the magnetic field. Since all the 
H-lines are parallel to the surface, this con¬ 
dition is satisfied. Thus, energy can be trans¬ 
mitted by a waveguide and will be carried in the 


electromagnetic fields within the guide. Since 
the electric field is zero wherever it is parallel 
to the metal surface of the guide, no part of 
this field can penetrate the metal. In the same 
way, the varying magnetic field is zero at the 
surface of the metal wherever it attempts to 
penetrate the walls of the guide, so that no part 
of the magnetic field can get outside the guMe. 
Therefore, all of the energy in the field is 
wholly contained by the guide. Thus, measure¬ 
ments on the outside of the guide can detect 
neither oscillating electrons nor any electro- 
magnetic fields caused by the electrical energy 

within the waveguide. 

Electric and magnetic fields exist simm- 
taneously in the waveguide. In fact, the H-fle 
causes a current which in turn causes a vo ag 
difference. This causes an E-field Mid it m 
causes a current which causes an H-fie . 
is a continuous action. One field is 
on the other as energy is continually trans¬ 
ferred from one field to the other. 

The conventional picture of both fie 
waveguide is shown in (A) of figure - • 
this picture is rather complicated, the P 
and direction of the field is usually 
in simpler diagrams, such as (B) andl 
these diagrams the number of E-lines in £ 
area indicates the strength of the elec r 
field, while the number of H-lines injmy g 
cross section indicates the strength 
magnetic field in that area. .. 

The field configuration shown mtM ® 
tration represents only one of the many 
which fields are able to exist in awave^e. 
Such a field configuration is called a 

operation. In the case of the rectangul^ 


in f i mM"Q 7 — lithe 


TOP VIEW 



END VIEW 



VIEW /> 


Figure 7-10.-Magnetic field in waveguide three half wavelengths long. 
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Figure 7-11. -Conventional picture of both fields in a waveguide. 


Mown as the DOMINANT mode, since it hi 
lowest cutoff frequency. 

Jther higher modes-that is, different fie] 
igurations—may occur accidentally or ma 
ed deliberately in a waveguide, 
vn example of another field configuration i 
«>Ped in (A) of figure 7-12. If the size c 
a av ®? ui de is doubled over that of the wave 
1 sho ^ n in the previous illustration, th 
section will be a full wave rather than ; 
wave. The two-wire conductor can be as 
t0 be a quarter wave down from the to] 
\ ( J uarter wave up from the bottom). Tht 
ining distance to the bottom is three- 
ers of a wave. A three-quarter wave 
n has the same high impedance input a* 


the quarter-wave section. Thus the two-wire 
line is properly insulated and will transfer 
energy. The field configuration will show a full 
wave across the wide dimension, as you can 
see in (B). 

A rectangular field configuration can be 
applied to a circular waveguide. The two con¬ 
ductors shown in (C) of figure 7-12 are assumed 
to be part of the waveguide wall. The remaining 
part of the wall forms the quarter-wave sections 
each of which acts as an insulator between the 
two conductors. This makes it possible to 
transfer energy with minimum losses. The 
resulting field configuration, shown at (D), is 
the dominant mode for a waveguide with a cir¬ 
cular cross section. 
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Figure 7-12.—Other field configurations in 
waveguides. 


NOTE: The cutoff wavelength of circular 
waveguide for the dominant mode is 1.71 times 
the diameter of the guide. Thus the diameter 
must be 2/1.71 or 1.17 times the A dimension 
(wide dimension) of a rectangular guide having 
the same cutoff frequency. 

Analogy of Waveguide Action 
by Electric Waves 

A somewhat different analogy involving wave - 
guide action deals with the field rather than 
with current and voltages. This analogy is some¬ 
what more exact than the previous explanation 
which dealt with voltages and current in two- 
wire lines, for power flow in this case is as¬ 
sumed to be in the fields rather than in the 
conductors. 

In a waveguide the fields are the same as 
those radiated into space by an antenna. Figure 
7-13 shows a small portion of such a field which 
is radiated into space from an antenna. In it the 



Figure 7-13.-Small portion of field radiated 
into space by an antenna. 

electrostatic lines of force, or E-lines, axe 
parallel to the antenna, and the electromagne 
lines of force or H-lines are perpendicular to 
the antenna. They move away from the antemu 
at the speed of light. At each half eye 
polarity is reversed. Therefore, at ha - 
intervals, the fields are in opposite direct 
(or polarity). Although only a small par 
total field is shown, actually the E -J ine ® 
H-lines form huge closed loops after they 
the antenna. .. h 

As previously mentioned, the energy 
moves through a waveguide andthe energy w 
is radiated by an antenna are both the s 
form of electromagnetic radiation. Neverthe > 
the field configuration shown in figure 


E-LINE TANGENT TO SURFACE OF WAll 



-H-FIELD 

-- E-FIELD 


H-LINES ARE 
interrupted 

Figure 7-14. — Fields in a waveguide must 
satisfy boundary conditions to be 
radiated. 
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?? St in a wave ^ uide because it does not 
satisfy the required boundary conditions. First 

Lcp'oHr* ^ E - lines tan Sent to the sur-’ 

ff , th f walls * ® lnce the E-lines are evenly 
(hstributed across the area, some will be across 
he top and bottom walls. This causes the voltage 

p ? Ut ’ ^ in turn ’ the E -bnes vanish 
Other E-lmes which are pushed up to the wall 

St 1 ^ TH^l 0n t - betWe f n E - llnes likewise short 
out This shortmg out is cumulative and even¬ 
tually removes the entire E-field. 

, J he second boundary condition which must 
be satisfied is that there must be no component 
of the magnetic field perpendicular to the wall 

pa a^iT 0 that the H-Hnesare 

parallel to the side walls which is correct-but 

te^ P o e H e ht C ^ r »l° ^ b0tt ° m ’ w hich cannot 
oe, so H-lmes of this type cannot exist in thp 

S V st™f 6 e ,: it M r - an H-T„e cannot 

-Xist unless it is a closed loop. 

T te r a is placed in the wave - 

Sivp L Clte i at an RF frequency, both 
See Z half CyCl6S are stated. 

„ PYnfn^" 15 ’ • The wavefron * produced is like 
te C / rCle * ^ P art w bich travels in 

tetide ^n? arr ° W B g0GS Strai ^ ht d °wn the 
iousl^ id dpc d u qmcldy att enuated, as pre- 

avefront whS d 'f However - the Part of the 
‘ * travels in the direction of 

short A eirc r , e ? eC ^ d fr ° m the wal1 ’ The wall ™ 
‘fleeted - ‘ ^ CaUSeS the wave fr°nt to be 

ont whth r Ver , SePhase ' Meanw hile, the wave- 
om th^ a direction c is reflected 

ase Thtii hf +K WaU 3,1,1 P roceeds in opposite 
the waveguide! ^ fleWB ^ C ° ntained 


PATH OF WAVEFRONTS IN A WAVEGUIDE 

hi the side view of the waveguide fiffurp 7 ir 

l?’*? light »d light broken linesrepre- 
sent the wavefront going in direction A^he 

heavy solid and heavy broken lines represent 
e wavefront going in direction B. Note that 

ward^ 01 th ? wavefront A ar e traveling up- 
ward at an angle across the guide. Wavefront R 

at the Same but d^rcf 

When the wave travels in this fashion in a 
waveguide, propagation is possible. In under¬ 
standing what happens, note that the positive 

SOLID Hnes r ) epresented by b ° th light and hea VY 
SOLID lines) occurs simultaneously throughout 

the center of the guide. These fronts add and 

The S p a f”i!f- ,I1U ’i n voltage to occuratthecenter. 
The E-fieId is shown maximum at the center in 

diagr a m (B) of figure 7-16. The negative wave- 
RPnrJ^u e T^ by both llght and h ^vy 

BROKEN lines) adds in the same manner as the 
positive wavefront. When the negative wavefront 
meets the positive wavefront at the walls the 
two wavefronts cancel each other, making the 
total voltage equal to zero. This verifies the 
E-field condition shown in (B). With the E-field 
zero at the edges, it is possible for the E-field 
to exist in the waveguide. 

CROSSING ANGLE 

The angle at which a wavefront crosses a 
waveguide is a function of the wavelength and 
the cross-sectional dimension of the waveguide. 

At some intermediate frequency the reflection 



Figure 7-15. —How radiation fields are made to fit a hollow pipe. 
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(B) 


Figure 7-16.—Paths of wavefronts in waveguide. 


is shown in (B) of figure 7-17. But as the fre¬ 
quency increases, the angle of incidence be¬ 
comes less and the signal travels farther before 
it reaches the other side as shown in (A). At 
lower frequencies, the wavefront crosses the 
guide at nearly right angles to the walls. At 
some frequency, the angle will be 90 degrees. 
At this point, the wave travels back and forth 
across the guide until the energy is dissipated 
by the resistance of the walls of the guide. At 
this frequency, the distance from side to side is 
one-half wavelength for the waveguide. At the 
cutoff frequency, the attenuation is a linear 
function of length and is very high. 

The velocity of propagation of a wave along 
a two-wire line is less than its velocity in air. 
The same is true in a waveguide. Movement of 
a wave along a two-wire line is slower than its 
movement in air because of the retarding effect 
of the d-c resistance, the conductors, and con¬ 
ductance of the insulation. In the waveguide the 
lower velocity is due to the way the field travels 
As shown in (C) of figure 7-17, the path of a 
wavefront at a relatively low frequency is along 
the zigzag arrow at the velocity of light But 
due to the long path, the wavefront IctuaUy 
travels very s owly along the waveguide. In 
figure 7-17 (A), the frequency is higher and 
the wavefront or the group of waves actually 
travel a given distance in less time than those 
in (C). 



HIGH FREQUENCY 
(A) 



MEDIUM FREQUENCY 
(B) 


IMZ 


LOW FREQUENCY 
(C) 


Figure 7-17. — Angle at which fields cross 
waveguide varies with frequency* 

The axial velocity of a wavefront or a gro^P 
of waves is called the GROUP VELOCITY. Tne 
relationship of the group velocity to dteS®? 
velocity causes an unusual phenomenon, 
velocity of propagation appears to be 
than the speed of light. As you can see in 
7-18, during a given time a wavefront will 010 
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&ure 7-18.— Relation of phase, group, and 
wavefront velocity. 

1 point 1 t° point 2, or a distance L at the 

* lght - < V I> ^ to this diagonal 
;“ ent (dtrection of the arrow), the wave- 
. during this time has actually moved down 
guide only the distance G, which is nec- 

dtvfv 7a t Ve r l0Cl ‘^ TWS iS CaUed grou P 
. ig'* ^ an instrument were used 

P° sitions at the wall, they 

Jf * h Jr dlsta T nce P a Part. This is greater 

. Jstance L or G. The movement of the 

ct point between the wave and the wall is 

?reater velocity. Since the phase of the RF 

Ranged over the distance P, this velocity 

oi w- phase velocit y (V p ). The mathe- 
ai rel ati ° ns hip between the three velocities 
ted by the equation 


V = VV V - 
L p g 


1 !? g ! h Space ' From a practical stand¬ 

point, the different velocities are related in the 
following manner: if the RF frequency being 
propogated is sine-wave modulated, the modu¬ 
lation envelope will move forward through the 
waveguide at the group velocity, while the in¬ 
dividual cycles of RF energy will move forward 
through the modulation envelope at the phase 
velocity. If the modulation is a square wave 
aS ln T ac i ar transmissions, again the square 
wave will travel at group velocity, while the RF 
waveshape will move forward within the envelope. 

a S ffTlS e v, S andi |! g n Wave measuring equipment is 
affected by each RF cycle, the wavelength will 
be governed by the rapid movement of the changes 
m the RF voltage. Since intelligence is conveyed 
by the modulation, the transfer of intelligence 
through the waveguide will be slower than the 
speed of light, as is the case in other types of 
RF lines. 

Because of the way the fields are assumed 
to move across the waveguide, it is possible to 
establish a number of trigonometric relation¬ 
ships between certain factors. As shown in figure 
7-19, the angle that the wavefront makes with 
the wall (angle 0 ) is related to the wavelength 
and dimension of the guide and is equal to 

co 

where \ is the wavelength in free space of the 
signal in the guide, and A is the inside wide 
dimension of the guide. The group velocity (V ff ) 
is related to the velocity of light (V L ) as follows: 


velocity of light - 3 x 10^ meters/second 
>hase velocity 


Foup velocity 

s equation indicates that it is possible for 
^se velocity to be greater than the velocity 
'. As the frequency decreases, the angle 
sing is nearer a right angle. In this con- 
ne phase velocity increases. For meas- 
anding waves in a waveguide, it is the 
^elocity which determines the distance 
voltage maximum and minimum. For 
son, the wavelength measured in the 
actua lly be greater than the wave- 



WALL 

Figure 7-19.—Trigonometric relations exist 
between factors indicated. 
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Further, since it is possible to measure the 
wavelength in the guide (x g ), the wavelength in 
space is equal to 


X sin d 

V (2A) 2 

Solving for X, the equation becomes equal to 

2AXg 

]/\g 2 +4A 2 

After measuring the wavelength and the inside 
dimension of the waveguide, it is possible to 
calculate most other quantities associated with 
the waveguide. 


NUMBERING SYSTEM OF THE MODES 

The normal configuration of the electro¬ 
magnetic field within a waveguide is called the 
DOMINANT mode of operation. The mode de¬ 
veloped for the rectangular waveguide, as was 
explained before and illustrated in figure 7-10, 
is the dominant mode of operation. The dominant 
mode for the circular waveguide was also 
shown in figure 7-12 (D). A wide variety of 
higher modes are possible in either type of 
waveguide. The higher modes in the rectangular 
waveguides are seldom used in radar, but some 
of the higher modes in the circular waveguide 
are useful. 

For case in identifying modes, any field 
configuration can be classified as either a 
TRANSVERSE ELECTRIC MODE or a TRANS¬ 
VERSE MAGNETIC MODE. These modes are 
abbreviated TE or TM respectively. In a trans¬ 
verse electric mode, all parts of the electric 
field are perpendicular to the length of the guide 
and no E-line is parallel to the direction of 
propagation. The TE mode is sometimes called 
the H-mode. In a transverse magnetic mode, the 
plane of the H-field is perpendicular to the length 
of the waveguide. No H-line is parallel to the 
direction of propagation. This mode is some¬ 
times called an E-mode. 

It is interesting to note from these definitions 
that the wavefront in free space or in a coaxial 
line is a TEM mode, since both fields are 
perpendicular to the direction of propagation. 
This mode cannot exist in a waveguide. 


In addition to the letters TE or TM, sub¬ 
script numbers are used to complete the de¬ 
scription of the field pattern. In describing 
field configurations in rectangular guides, the 
first small number indicates the number of hah- 
wave patterns of the transverse lines which exist 
along the long dimension of the guide through the tst; 
center of the cross section. The second small m 
number indicates the number of transverse half- tk 
wave patterns that exist along the short di- h 
mension of the guide through the center of the m 
cross section. For circular waveguides the first 
number indicates the number of full waves of the 
transverse field encountered around the cir¬ 
cumference of the guide. The second num r 
indicates the number of half-wave patterns tna 
exist across the diameter. 


COUNTING WAVELENGTHS FOR MEASURING 
MODES 

In the rectangular mode shown in figure 7-20 
(A), note that all the electric lines are per¬ 
pendicular to the direction of movemen . 
makes it a TE mode. Across the guide along 

the wide dimension, the E-field varies from ze 

at the top, through maximum at the ^ ei J te ^ 
zero on the bottom. Since this is one-half w > 
the first subscript is one. M the + ? ire ^ i | de 
across the narrow dimension of the gui 
parallel to the E-line, the intensity change 
zero. Thus, the complete description o 
mode is TEi 0 . .. , d 

In the circular waveguide in (B), the - 
is transverse and the letters which descri 


MINIMUM 
E-FIE LD 


MAXIMUM 

E-FIELD 


MINIMUM 

E-FIELD 


(A) 

Figure 7-20. —How to count wavelengths for 
numbering modes. 
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?E. Moving around the circumference 
ig at the top, the field goes from zero, 
h maximum positive (tails of arrows), 
:h zero, through maximum negative (head 
ows), to zero. This is one full wave, so 
imber is one. Going through the diameter, 
art is from zero at the top wall, through 
lum in the center to zero at the bottom, 
ilf wave. The second subscript is one. 
jmplete designation for the circular mode 
es TE 14 . 


Several circular and rectangular modes are 
possible. On each diagram of figure 7-21 you 
can verify the numbering system. 

The side view of the waveguides in figure 
7-22 show that the magnetic and electric fields 
are maximum in intensity in the same area. 
This indicates that the current and voltage are 
in phase. This is the condition which exists 
when there are no reflections to cause standing 
waves. 



Figure 7-21.—Various modes in waveguides. 
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Figure 7-22.—Various modes in waveguides. 
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INTRODUCING FIELDS INTO A WAVE GUIDE 

A waveguide, as was explained before, is a 
single conductor. Therefore, it does not have 
the two connections which ordinarly RF lines 
have, and it is necessary to use special devices 
to put energy into a waveguide at one end and to 
remove it from the other. In a waveguide, as 


with many other electrical networks, recipr 
exists in any excitation system—that is, en ^ 
may be transferred either to the wav ®J u } 
from the waveguide with the same effic 

Waveguides may be excited by three P rinC j?j! 
methods; namely, electric fields, ma ? 11 
fields, and electromagnetic fields. 
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Exciting With Electric Fields 

When a small probe or antenna is placed in a 
ravegmde and fed with an RF signal, current 
nil flew in the probe and set up an electrostatic 
leld such as shown in figure 7-23 (A) This 
pauses the E-lines to detach themselves from 
he probe and to form in the waveguide. When 
e probe is located in the right place, a field 
aving considerable intensity will be set up. 
he best place to locate the probe is in the 
enter, parallel to the narrow dimension and one- 
uarter wavelength away from the shorted end of 
ie guide, as shown in (C). Note here that the 
eld is strongest at the quarter-wave point, 
his is the point of maximum coupling between 
>e probe and the field. Of course, the probe 

work equally well at any point where E- 
ses exist with maximum intensity. For ex- 
nple, a good spot to place the probe would be 
three-quarter wave distance from the shorted 

Usually the probe is fed with a coaxial cable. 
^™ P f riS P n with the wa veguide, this cable is 

ilm el ^f h v rt * This insures th at the greatest 
e “t Wl11 he derived from the waveguide, 
pedance matching between the coaxial cable 
i the waveguide is accomplished by varying 


the distance from the probe to the end of the 
waveguide (by moving the shorted end), and bv 
varying the length of the probe (fig. 7-23 (B)) 

A mismatch will cause unwanted reflections in 
the waveguide. 


The degree of excitation can be reduced by 
reducing the length of the probe, moving it out 
of the center of the E-field, or shielding it. 
Where it is necessary to vary the degree of 
excitation frequently, the probe is made re¬ 
tractable and the end of the waveguide fitted 
with a movable plunger. In airborne radar 
systems, the position of the probe and the end 
piece is often predetermined at the factory and 
fixed permanently. 

In pulse-modulated radar systems there are 
wide sidebands on each side of the carrier. In 
order that a probe feeding system does not 
discriminate too sharply against frequencies 
which differ from the carrier frequencies, 
WIDE-BAND probes are often used. This probe’ 
is large in diameter and is conical or door¬ 
knob in shape. A conical probe is capable of 
handling high powered signals ((D) in fig. 
7-23). The same kind of probe is used to take 
energy out of the guide and deliver it to the 
coaxial cable. 



Figure 7-23.—Exciting the waveguide with electric field. 
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Exciting With a Magnetic Field 

Another way of exciting a waveguide is by 
setting up a magnetic H-field in the waveguide. 
This can be accomplished by placing a small 
loop, which carries a high current, in the wave¬ 
guide. This is what occurs: A magnetic field 
builds up and expands until it fills the space 
within the waveguide. If the frequency of the 
current is correct, energy will be transferred 
from the loop to the waveguide. A loop for 
transferring energy into a guide is shown in 
figure 7-24 (A) and (B). Notice that the loop is 
fed by a coaxial cable. The location of the loop 
for optimum coupling to the guide is at the place 
where the magnetic field, which is to be set up, 
is of greatest strength. There are a series of 
places where this is true. Several are shown 
in (C). 

When less coupling is desired, you can rotate 
or move the loop until it encircles a smaller 
number of lines of force. 

When an excitation loop is used in radar 
equipment, its proper location is often pre- 



(C) 


Figure 7-24.-Excitation with magnetic field. 


determined and fixed either during construction 
or final tuning at the factory. In test or laboratory 
equipment, the loop is often made adjustable. 

When a loop is introduced in a guide in which 
an H-field is present, a current will be induced 
in the loop itself. Thus, the loop may take 
energy out of the waveguide as well as put 
energy into it. 


Exciting With Electromagnetic Fields 

After learning what fields are like, you might 
think that a good way either to excite the wave¬ 
guide or to couple energy out of it is simply 
leave the end open. However, this is not he 
case, for when energy leaves a guide, flews 
exist around the end which result in mismatcn, 
as shown in figure 7-25 (A), hi other wor , 




Figure 7-25.—Excitation with electro 
magnetic fields. 
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lections and standing waves would result if 

' end were J left 0 P en * Thus, simply leaving 
end open is not an efficient way of letting 
;rgy out of the waveguide. ^ 

In order for energy to move smoothly In or 

-ed filT 1 , / ‘ he ,° penin * of the guide may be 
ed like a funnel, as shown in (B) of figure 

5. This makes the guide similar to a V-type 

1\ Th Vr ,el “ effect eliminates rT 
tion by matching the impedance of free space 

thofThef " Ce , ° f ‘ he wave guide. When the 
th ot the funnel is exposed to electromagnetic 

I.’ l hey e “ t . er 311(1 are gradually shaded to 
■he waveguide. The funnel is directional in 

a ® ends ° r receives the greatest 
unt of energy m front of the opening. 

mother method for either putting energy into 

it ^° m is through slots 

penings This method is sometimes used 
very loose coupling is desired. In this 
iod energy enters the guide through a small 

866 in (C) ‘ An y device 
th? i ge " erate an E-field may be placed 
the aperture and the E-field will expand 

the wavegmde. A single wire is shovin in 

n\L ™ are set up parallel to the wire 

drl The difference between parts of 
• he E-lines, in expanding, will exist 


first across the aperture, then across the in¬ 
terior of the waveguide. If the frequency is 
correct and the size of the aperture properly 
proportioned, energy will be transferred to the 
waveguide with a minimum of reflections. 

BENDS, TWISTS, JOINTS, AND TERMINATIONS 

In order for energy to move from one end of 

tjrr de t0 the ° ther without reflections, the 
size, shape, and dielectric material of the wave- 

P ld f. m A Ust constant throughout its entire 
length. Any abrupt change in its size or shape 
results in reflections. Therefore, if no re¬ 
flections are desired, any change in the direction 

?* the Slze of the waveguide must be gradual 
When it is necessary that the change in direction 
or size be abrupt, then special devices, such as 

bends, twists, joints, or terminations, must be 
used. 


Bends 

Waveguides may be bent in several ways to 
avoid reflections (fig. 7-26). One is to make the 
bend gradual. It must have a radius of bend 



) GRADUAL BENDS 


IN NARROW DIMENSION |N WIDE DIMENSION SIDE VIEW 
(B) SHARP BENDS 



# r » FLEXIBLE SECTION CAN BE BENT 
OR TWISTED IN ANY DIRECTION 

Figure 7-26.-Types of bends. 

211 


Digitized by 


Google 








































AVIATION ELECTRONICS TECHNICIAN 1 & C 


greater than two wavelengths in order to mini¬ 
mize any reflection. Some bends may be 90- 
degree bends; others may be greater or less 
than 90 degrees, depending upon the require¬ 
ments of the system. Still another type of bend 
is the sharp bend. 

A bend can be made in either the narrow or 
wide dimension of a guide without changing the 
mode of operation. Normally, in a sharp 90- 
degree bend, reflections will occur. To avoid 
this, the guide is bent twice at 45 degrees, one 
quarter wave apart. The combination of the direct 
reflection at one bend and the inverted reflection 
from the other bend will cancel and leave the 
fields as though no reflection had occurred. 

To permit using any special bend which an 
installation might require, sections of a wave¬ 
guide are often made flexible. These sections 
can be bent or twisted in any desired direction. 
They usually consist of a apiral wound ribbon 
of brass. In cross section the winding is exactly 
the same size as the waveguide. The entire 
assembly is like a spiral spring in that it can 
be bent or twisted into any desired shape. As 
skin effect keeps the current at the inner sur¬ 
face of the waveguide, the inside surfaces of 
the flexible section are chromium plated. This 
provides for maximum current conductivity. The 
outside of the section is covered with rubber. 
This gives the section flexibility and at the 
same time makes it both airtight and watertight. 


Rotating the Field 

Sometimes it is desired to rotate the elec¬ 
tromagnetic fields so that they are in the proper 
direction for matching. This may be accom¬ 
plished by twisting the waveguide (fig. 7-27). 
The twist should be gradual and extend over two 
wavelengths or more to prevent excessive re¬ 
flections. Flexible sections also are used to 
rotate fields. 



Figure 7-27.—Twisted section of waveguide 
rotates the field with minimum reflections. 


Joints 


Since it is impossible to mold an entire 
waveguide system in a radar set into one piece, 
it is necessary to construct it in sections, an 
then to connect the sections together by joints. 
There are three main types of joints. These are 
the permanent, the semipermanent, and the 
rotating joints. 

On the surface it would appear that joining 
two waveguide sections together would oniy re¬ 
quire that the sections be the same size and fi 
tightly at the joint. However, irregularities at 
the joints set up standing waves and allow energy 

to escape. One kind of joint which affords ai good 
connection between the parts of a waye^deand 
which has very little effect on the fields « 

PERMANENT TYPE. This joint is made at the 
factory. When it is used, the waveguide sechoM 
are machined within a few thousandths ofan 
inch and then welded together. The resultt 
hermetically-sealed and mirror-smoott « 

Where it is necessary that sections be tak 
apart for normal maintenance and r e P a ““> . 
impractical to use a permanent joint. Tope 
portions of the waveguide to be taken P » 
they are commonly connected togeth 
semipermanent joints. The most common 
of semipermanent joint is the choke . 
cross-sectional view of a choke jointisshownin 
figure 7-28 (A). It consists of two flanges w 
are connected to the waveguide atthe center, 
right-hand flange is flat, and the one at t e 
slotted a quarter wave deep at a distance a q 
ter wave from the point where the wa s 
guide are joined. The quarter-wave 
shorted at the end. The two quarter wav 
gether become a half wave and reflec 
circuit at the place where the walls are ] 
together. Electrically, this creates as 
cuit at the junction of the two wavegui e ' muC h 
two sections actually can be separate a 

as a tenth of a wavelength without excess* 

of energy at this joint. This separatio a 

room, to seal the interior of the wavegui ^ 

rubber gasket for pressurization. T|* e ? u ^ 
wave distance from the walls to the slot is ro 
fied slightly to compensate for the slig 
tance introduced by the short space an 
circuit from the slot to the surface ofthe 
The name CHOKE JOINT is said to . 
from the similarity between the action ^oke 
joint on RF fields and the action of an R p 


a power supply lead. An RF choke -■ - 

In the rni ii+ mliavc U Vio1fin?9. Simiia 


in 
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SHORT CIRCUIT 


RECTANGULAR WAVEGUIDE 




RECTANGULAR WAVEGUIDE 



Figure 7-28.-Choke joints keep RF fields inside waveguide. 


ke joint keeps the electromagnetic fields in 

Where they belon &* The loss in- 
oduced by the well-designed choke is less than 

fif’ * a well-machined, unsoldered 
p “®. nt i° lnt ha s a loss of 0.05 db or more. 

rhnrn ing J 0intS are usuall y required in an 
rborne radar system where the transmitter is 

and the ^teana is rotatable. A simple 
r^,f. or rota ting part of a waveguide system 
°P era tion that is sym- 

irpml 1 + ab ° Ut the axis (fi ^* 7 " 29 )- This re- 
jrement is met by using a circular waveguide 

oke mTnf 6 SU f as ™0,1* 10 this method a 
jchani^i^ 7 ?! USed t0 separate the sections 
_ a ^ 1 .^ al ] y and to join them electrically. With 
s method the waveguide rotates, but not the 
. The continuous field produced by the fixed 
refle ctions. Although this method 
satisfactory, current airborne equipment uses 
-tangular waveguides. This requires a dif- 
“ ®^ 8tem for connecting the sections of the 
eguide. For mechanical reasons the rotating 
* 7 ust he circular and involves the use of a 
SriL Cab i e \ as shown in figure 7-30. This cable 
^ Symme try of the fields and the 
' in , cr °ss section for rotation. In the rota- 

iurtZ! t 0be forms the end 01 the center 
*he coaxial cable. The probe takes 

° ne wave ^ide. It is then conducted 
ujF ©coaxial cable and delivered through 
probe to the other waveguide. 

6 Probe In the other waveguide is one end 
ai _ ce *v er conductor. The center conductor 
ns stationary with respect to one wave¬ 


guide and rotates with respect to the other. To 
make the rotating electrical connection, the 
outer conductor can either be fitted with sliding 
contacts or with the tubing by a half-wave slot 
TJe slot which is shorted at the end reflects a 
short at the junction of the two outer conductors. 
In this method, no mechanical contact is required 
between the two sections of the outer conductor 
The inner conductor of the coaxial cable maybe 
supported by insulating washers, if such are 
needed. 



+ + + + + 
+ *:+:* + 



TM 0t , MODE IN CIRCULAR WAVEGUIDE 


CHOKE JOINT 


STATIONARY SECTION, 


rotating Section 


ROTATING JOINT 

Figure 7-29. —Rotating joint and TM 0 ,1 
mode in circular waveguide. 
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(A) 


WAVEGUIDE JOINT 


DISTANCE X TO Y IS ty2 
X REFLECTS SHORT AT Y 


(B) 



WAVEGUIDE m 


t 


m 



CHOKE FLANGE 


SUPPORTS FOR INNER CONDUCTOR 


Figure 7-30.—Rotating joint with rectangular waveguide. 


T-Junctions 

Sometimes it is desirable to connect a 
section of waveguide into the side of another 
waveguide. This type of connection forms a T- 
junction. It may be connected either in the 
narrow side, as shown in figure 7-31 (A), or 
in the wide side of the waveguide, as shown in 
(D). When the T-junction is in the plane of an 
H-field of a TEjq mode, it is called an H- 
TYPE junction, and when the junction is in the 
plane of the E-lines, it is called an E-TYPE 
junction. 

The H-type junction is effectively a parallel 
connection with the mainline. For example, when 
the end of the T-joint, (B) of figure 7-31, is 
short circuited at a distance of a half wave 
from the center of the waveguide, the result is 
the equivalent parallel circuit shown in (C). 
Note that (C) shows a half-wave section which 
is connected to a wire line. This section will 
reflect a short circuit at the line and will not 
allow any energy to pass. Similarly, in the wave¬ 
guide itself a short circuit is reflected to the 
center, where the E-lines are supposed to be. 
Since an E-line cannot exist at a short circuit, 
no energy will pass that point. If the shorted 
end of the T-section were only a quarter wave 
from the center of the waveguide, an open section 
would be reflected there and the passage of 
energy would be unaffected. 

The E-type joint is effectively a series con¬ 
nection with one side of the main line ((E) of 


fig. 7-31). Its two-wire counterpart is shown in 
(F). In this case, if the section added to tne 
waveguide is a half wave long, it will act as 
short at the junction but will allow the ene ^7 I 
to pass. The length of the added section 
have to be a quarter wave in order to open 
circuit at the junction and stop the ordinary 
of energy past it. .. 

One important use of the T-joint is wi , 

automatic transmit-receive switch (also c 

the TR box). In the partial transmit-receiv 

system, illustrated in figure 7-32, an 
T-junction is connected in the main wavegin • 
The switching device in this illustra , 
known as an anti-TR (ATR). A spark gap l 
tube) is located one quarter wave i 10 ® , d 
center of the main guide. The junction is sno 
at the distance of a half wave from the ? eD s , 
of the main waveguide. When the powerful tr 
mitter is turned on, a spark jumps the sp 
gap. This causes the waveguide branch to s < 

at that point and is inverted to an open c ‘ 

at the center. Therefore, transmitted en , 
can pass unhindered. . s 

Energy received from the radar echoi en ^ 
the waveguide from the other end af e 
transmitter is turned off. This energy 1 
great enough to cause a spark to jump ac ^ 
the spark gap. This time the shorted end ® 
branch reflects a short at the center 
waveguide and reflects the received ene & 
back to another T-junction, which is locat ® ls I 
the input to the receiver. Thus no energy j. 
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H-TYW T-JUNCTION FOR THE TE,,o MODE 





TWO WIRE LINE 


E-TYPE 
T-JUNCTION 
FOR THE TE MODE 



Figure 7-31.-T-junctions. 

'orbed by the inoperative transmitter. There 
i similar arrangement called a TR box placed 
6 y a veguide leading to the receiver. It 
rs mgh impedance to the transmitted pulse 
w impedance to the received echo, 
to practice the actual length of the sections 

ai is not 3X1 exact quarter or a half 
e length because the E-fieldsandH-fieldsare 

fu Ct around the T-junction. A distortion 
. the junction called FRINGE EFFECT 
ares some variations from exact wave¬ 
rs. A more detailed coverage of TR tubes 

Plexeilystems/' ChaP ‘ er Under ‘ he heading 


Matching Devices 

Some devices which are used in radar in- 
roduce inductance or capacitance into the 
circuit. Sometimes these reactances are de¬ 
liberately introduced. Other times when they 
are present and not desired, they can be tuned 
out with small fins or plates in a waveguide. 

Figure 7-33 shows a number of reactive 
plates which are deliberately used to introduce 
capacity or inductance in a waveguide. When 
these plates are employed, as shown in (A), 
they set up oscillations in the higher modes 
Since a waveguide is too small for higher modes 
at the same frequency, these frequencies are 
not propagated, but remain in the vicinity of the 
plates. If the edges of the plate are vertical 
with respect to the plane of the H-field, the 
modes produced are the TM type. The effect of 
this on power flow is that of inductance across 
the two-wire line. This causes reflections and a 
shift in the standing wave pattern. The wider the 
space between the plates, the greater the in¬ 
ductive reactance. 

When the partitions are arranged perpen¬ 
dicularly to the E-field, as in (B) of figure 7-33 
a local E-field and the higher modes of oscilla¬ 
tion are set up between the edges of the plates. 
These oscillations cannot be propagated but do 
change the dominant mode to a TE mode and 
introduce capacitive reactance. As with the TM 
mode, the wider the opening, the greater the 
reactance. 

From these facts it would seem that a 
resonant circuit might be produced by com¬ 
bining both types of plates and leaving a small 
opening in a large guide, as shown in (C) of 
figure 7-33. This is approximately true, pro¬ 
viding the dimensions are correct. At re¬ 
sonance, a resonant circuit acts like high 
resistance. In this condition, a small opening 
would introduce a high shunt resistance and 
the guide would in effect have connected across 
it a resonant circuit, since at resonance a 
resonant circuit acts like a high resistance. 


Terminating a Waveguide 

Since a waveguide is a single conductor, its 
characteristic impedance (Zo) is not as easy to 
define as that of a coaxial line. Nevertheless, 
you can think of the characteristic impedance 
of a waveguide as being approximately equal to 
the ratio of the strength of the electric field to 
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TRANSMITTER 


TO ANTENNA 


RECEIVER 



TRANSMITTER ENERGY 
GOES TO ANTENNA 


SHORT 

CIRCUIT REFLECTS 
OPEN CIRCUIT HERE 


TRANSMITTER ON 



SPARK GAP FIRES 
llNSERTING SHORT 
CIRCUIT HERE 


SPARK GAP OFF. 
SHORTED END REFLECTS 
SHORT X/2 AWAY 
(AT DOTTED LINE) 
ENERGY FORCED INTO 
RECEIVER JUNCTION- 


RECEIVED ENERGY FROM 
ANTENNA 


RX 




TRANSMITTER OFF (jTXJ 

Figure 7-32.—T-junction as a transmit-receive switch. 



Digitized by 


Google 


216 



















(A) pfRMANE ^ PLATE at end 


CONTACT IS AT POINT 
OF MINIMUM CURRENT 


- Chap,6r 7 ~ WAVE GUro ^ AND CAV ITY RESONATO RS 

the strength of the magnetic field for energy ~~~~~ 

Sr/nTh °h <Urection - ratio is equivf! 
tent to the voltage-to-current ratio in coaxial 

The n r o w Ch t the ,!' e are n ° Standi "S waves 
The lowest characteristic impedance of a 

circular waveguide is about 350 ohms. In a 

rectangular waveguide, it may be any Vafue 

ancTthpHf ° n thG dimensions of the waveguide’ 
th ® frequency of the electrical energy, in 
s guide, it is directly proportional to the 

rr/ imenS1 ° n WhGn the 0ther ^^nsion and 
he frequency are fixed, and may vary from 
approximately 0 to 465 ohms. 7 r0m 

a fiS/r t . here is no P lace t0 connect 

fixed resistor to terminate it in its chara c 

^f C n impedanCe as there ^ on a coSai 
-able. However, there are a number of special 
rrangements which accomplish the same thing 

X grSte ? f H IiDg tte 6nd ° f the beguile 

ts thp I% e -T d ’ as shown in figure 7-34 (A), 
u ds enter the sand, currents flow in it 

?n 1 Z? ntS *r ate heat ’ wMch “ruJ 

uf !f ating ener £y* None of the energy 

heat is renected *»<* 25 

Surf^uses^ h 6 s arran « ement > (B) of the 
ared attL 7 gh resistance rod, which is 
oltavefc “ r ° f the E - field - The E-field 
lie Mffh CUrrent t0 flow through the rod. 

* r “ gb 1 resi I f an , ce <* ^ rod dissipates the 

Satin/”, SS - 84111 another meth °d ^ 
rminatmg a waveguide is to use a wedge of 



(B) REMOVABLE SHORT CIRCUIT 


- 

ACTUAL SHORT HERE 


THUMBSCREW 



(C) ADJUSTABLE PLUNGER 


Figure 7-35.—Termination for maximum 
reflections. 



RESISTIVE ROD 



Figure 7-34. -Termination for mini 
reflections. 


minimum 


high resistance as shown in (C). The plane of 
the wedge is placed perpendicular to the mag¬ 
netic line of force. When the H-lines cut the 
wedge, a voltage is induced in it. The current 
produced by the induced voltage on flowing 
through the high resistance of the wedge pro¬ 
duces an I^R loss. This loss is dissipated in 
the form of heat. This permits very little 
energy to reach the closed end to be reflected 
These terminations are used as transmitter 
dummy loads for testing and shop operation 
They are generally constructed with external 
fins which give a larger radiation surface, thus 
better heat dissipation. 

Each of the preceding terminations is de¬ 
signed to match the impedance of the guide in 
order to insure a minimum of reflection. On the 
other hand, there are many instances where it 
is desirable for all the energy to be reflected 
from the end of the waveguide. The best way to 
accomplish this is to weld a permanent metal 
plate at the end of the waveguide. (See fie 
7-35 (A).) 
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When it is necessary that the end be re¬ 
movable, a removable end plate is attached to 
the end of the guide. For this method to be 
satisfactory, the contact between the guide and 
the end plate must be exceptionally good in 
order that the H-field will not be attenuated 
when current flows. Perfect contact is not 
required when the connection is made at a point 
of minimum current. This point is located a 
quarter wave from the end. When connection is 
made at this point, a cup is used, as in (B), 
instead of the end plate. This cup is a quarter 
wave long and large enough to fit over the end 
of the guide. The voltage between opposite 
sides of the cup opening is high, but as the 
reflected H-field cancels the incident H-field, 
the resulting current is very small and re¬ 
flection is at a minimum. 

When the end must be adjustable, the contact 
must be nearly perfect. However, it is im¬ 
possible to get a perfect contact. The best 
arrangement, one which is similar to the choke 
joint previously explained, consists principally 
of an adjustable plunger which fits into the 
guide as shown in (C). The walls of the wave¬ 
guide and the plunger form a half-wave channel. 
The half-wave channel is closed at one end and 
reflects a short circuit across the other end, 
where a perfect connection is supposed to exist 
between the wall and the plunger. The actual 
physical contact is made at a quarter-wave 
distance from the short circuit, where the 
current is minimum due to the standing waves. 
This makes it possible for the plunger to slide 
loosely in the guide at a point where the contact 
resistance to current flow is very low. 


Directional Couplers 

Directional couplers are devices used to 
couple test equipment to a waveguide and are 
commonly included as a permanent section of 
the transmission line. They are used for meas¬ 
uring power in the waveguide, such as radar 
transmitter power output; also, they are used 
to inject a signal of known power into the wave¬ 
guide in order to determine receiver sensitivity. 
Directional couplers have a fixed amount of 
attenuation which is generally stamped on the 
coupler. This type of coupling is used extensively 
for it contains no moving parts and injects 
negligible reflection into the waveguide. 

A directional coupler couples energy from 
a wave going in one direction in a guide but not 


from a wave going in the other direction. There 
are two types of directional couplers-TWO- 
HOLE and ONE-HOLE. 

A two-hole directional coupler is shown in 
figure 7-36 (A). In (B) of this figure note that a 
wave traveling to the right in the bottom guide 
has two paths into the upper guide, one from A 
to D directly and one from A to D via path 
B-C. However, the two paths differ in length 
by one-half wavelength, so that waves arriving 
by both paths interfere destructively, and no 
wave proceeds to the left in the upper gui 
Also note that waves going to the right in the 
upper guide are lost in the absorbing material. 
However, if the wave in the main guide moves 
to the left, then the two paths by which waves 
arrive at point D (path B-C-D and path B- - J 

are equal in length and a wave proceeds to he 

left in the upper guide, and is picked up y e 
test equipment probe. Thus, energy .. 

transmitter passing to the left in the gm e 
reach the test equipment connection with a de¬ 
sirable amount of fixed attenuation, but energy 
picked up by the antenna which passes to tne 
right will not reach the test equipment. A sign* 1 
injected at the test equipment probe will tr 
toward the receiver (which is between 
rectional coupler and transmitter) bu w 
pass to the left toward the antenna. , 

The one-hole directional coupler is shown 
figure 7-37. The coupling from the main gm 
to the branch is done by the electric an 
netic fields. The phase of the magne ic 
is changed by the coupling so that the wav 
the branch are cancelled in one c ^ rec 0 t 0 . 
reinforced in the other. In contrast to e ^ 
hole coupler, the one-hole coupler trans 
wave in a direction opposite to that of ® 
in the main line. The proper coupling 0 
the directional characteristic depen s ^ 
orientation angle between the main gm 
the branch guide and the size of the 
tween the two guides. en d 

The branch guide is terminated at on 

with a resistive material to absorb un 
power, and the other end is connected to P 
for connection to the test equipment. 


CAVITY RESONATORS 

In ordinary radio work the 
frequency resonant circuit consists of a 
capacitor which are connected either m 
or in parallel as in figure 7-38 (A). To 
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(B) 

Figure 7-36.—Two-hole directional coupler. 



tire 7-37.—One-hole directional coupler. 


esonant frequency, it is necessary to 
either the capacitance or the inducta 
n. However a frequency is reached wh 
ductance is a half-turn coil and where 
ance consists only of the stray capacita; 
A \ extremely high frequencies t 
circuit would consist of a coil ab 
i^ a quarter inch across. In t 

Jl C T ent handlin S capacity andbre; 
uage for the spacing would be low. 


The current carrying ability of a resonant 
circuit may be increased by adding half-turn 
loops in parallel. This does not change the 
resonant frequency appreciably because it adds 
capacitance in parallel, which lowers the fre¬ 
quency, and inductance in parallel, which in¬ 
creases the frequency. As the effects of each 
cancel, the frequency remains about the same. 

In figure 7-38 (C), several half-turn loops 
are added in parallel. In (D) are shown several 
quarter wave Lecher lines, in parallel, which 
are resonant when they are near a quarter 
wavelength. When more and more loops are 
added in parallel, the assembly eventually be¬ 
comes a closed resonant box as shown in (E) 
which is a quarter wave in radius or, in other 
words, a half wave in diameter. This box is 
called a RESONANT CAVITY. 

A resonant cavity displays the same re¬ 
sonant characteristics as a tuned circuit com- 
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(A) 



CONVENTIONAL LOW FREQUENCY CIRCUIT 



HALF TURN LOOP IN PARALLEL 



CLOSED METAL CONTAINER 


Figure 7-38.-Development of cavity from 
quarter-wave sections. 


posed of a coil and capacitor. In it there are a 
large number of current paths. This means that 
the resistance of the box to current flow is 
very low and that the Q of the resonant circuit 
is very high. While it is difficult to attain a Q 
of several hundred in a coil of wire, it is fairly 
easy to construct a resonant cavity with a Q of 
many thousand. Although a cavity is as efficient 
at low frequencies as at high frequencies, the 
large size required at low frequencies prohibits 


its use at those frequencies. For example, at 
one megacycle a resonant cavity would be a 
cylinder about 500 feet in diameter. When the 
frequency is in the vicinity of 10,000 mega¬ 
cycles, the diameter of the cavity is only 0.6 
inch. This makes the cavity smaller than a con¬ 
ventional tuned circuit. Therefore, equipment 
which operates at a frequency of approximately 
3,000 me. or above employs resonant cavities 
extensively. 


The Fields in a Cavity 

A resonant cavity may be compared to a 
waveguide, since its operation is best described 
in terms of the fields rather than in terms of 
the currents and voltages present. As in wave¬ 
guides, the different field configurations in 
cavities are called MODES. In figure 7-39, 
which the dominant mode of the cylindric 
cavity is shown, note that in (A) the voltage is 
represented by E-lines between the top and tne 
bottom of the cavity. The current, due to skin 
effect, flows in a thin layer of the surface 
the - cavity. The strength of the current s 
indicated by arrows of various lengths, e 
magnetic field is strong where the curren i 
high. The strongest H-field is at the vertical 
walls of the cylinder and diminishes towar 
the center where the current is zero. TluS 3 
due to the standing waves on the quarter-wav 
section. The E-field is maximum at the center 
and decreases to zero at the edge, where 
vertical wall is a short circuit to the vo ag: • 
The curves of E-fieId and H-field density 
shown in figure 7-39 (B); two types of cavities 
with their fields represented are shown ini 
and (D). .. 

The modes in a cavity are identified by tne 

same numbering system that is used with wav - 
guides, except that a third subscript is use 
indicate the number of patterns of the r 
verse field along the axis of the cavity IP 
pendicular to the transverse field). For examp’ 
the cylindrical cavity shown in (C) of 
7-39 is a form of circular waveguide. Th® 
is the center of the circle. The 
field is the magnetic field. Therefore, it 
(transverse magnetic). Around the cir 
ference there is a constant magnetic field* l . 
H-lines are parallel to the circumfere • 
Therefore, the first subscript is zero, 
distance across the diameter is one-half w ■ 
Thus the second subscript is one. Throug 
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THICKNESS OF ARROWS PROPORTIONAL TO 
AMOUNT OF ELECTRON FLOW ON INNER WALLS 




E LINES 


HBOS IN CYUNDWCAl CAVITY 

(C) 





H FIELD_ 


- -I 


VOLTAGE AND CURR^T DISTRIBUTION 
ACROSS WIDTH 


S ' V/ 

// 


SQUARE CAVITY OR HALE WAVELENGTH 
SECTION OF WAVEGUIDE 


Figure 7-39.-Voltages, currents, and associated fields for simple modes 

cavity resonator. 


er along the axis, the H-field strength is 
nstant zero. This makes the third subscript 
.* iem 6 ’ the com P lete description of the 

en a section of waveguide which is one- 
wave long is closed on both ends in the 

v,?i a 7 r on angular cavit y» as shown at (D) 
7-39, standing waves are set up and 

v ^ e FH° CCUrS * The sim P le m ode in this 
y f. the Same as the dominant mode of a 
Waveguide » that is > it is TE-, n . 
f b foript of the mode, whichMs 
mined by the plane of the E-field, is one. 

in th* C ° mp . lete descri Ption of the simple 
he rectangular cavity in (D) isTEi n i 
averse electric). v > 1S lji l,0,l 

amhff may , have various physical shapes. 

enclosed in conducting walls may 
ap at severa l frequencies and produce a 
' “ mo des, depending upon its size and 
' 7-40 shows several types of 

. (Note the large approximate Q values 
m some cases.) Of those shown the 
r type cavity is useful in wavemeters 


or in frequency measuring devices. The cylin¬ 
drical ring type is used in superhigh-frequency 
oscillators as the frequency determining ele¬ 
ment. The section of waveguide which is shown 
diagrammatically is used in some radar sys¬ 
tems as a mixing chamber for combining signals 
from two sources. 


Exciting the Cavity 

There are three principal ways in which 
energy can be inserted into and removed from a 
cavity resonator (fig. 7-41). The first is by 
inserting a probe into the cavity. The current 
which flows in the probe sets up E-lines parallel 
to it, and they in turn start oscillation. Another 
method uses a magnetic loop. The loop is 
placed in the region where the magnetic field 
will be located. The currents in the loop start 
an H-field in the cavity. Either of these methods 
can be used to remove energy from or to put 
energy into the cavity. A third method uses a 
cylindrical ring type cavity. In this method the 


Digitized by 


Google 


















AVIATION ELECTRONICS TECHNICIAN 1 & C 



DOUGHNUT-SHAPED CYLINDRICAL RING (O = 26,000) 


SECTION OF WAVEGUIDE 


Cfflb 


CUBE (Q - 28,000) 



<n o> 


CYLINDER (Q - 31,000) 


SPHERE (Q = 26,000) 


Figure 7-40.—Several types of cavities. 



PROBE COUPIMG 

™o,. 1 o!*°“ 


ELECTRONS SHOT THROUGH 
HOLES 


LOOP COUPLING TM MODE 
0 ( 1 , 0 , 



(C) 

CYLINDRICAL HNG 


Figure 7-41.-Methods of exciting the cavity. 


energy is placed into the cavity by clou s , 
electrons, which are virtually shot throug 
holes in the center of a perforated pia e. 
each cloud goes through, it creates a distur 

in the space inside the cavity until a f e 
set up. In terms of current, it may be sa 
the approaching cloud of electrons ma ^ e 
perforated plate positive by repelling the 
trons away from it. This current star 
H-field. Energy may be removed from the cavu 
by placing a loop at the outside edge. 

Other methods of feeding the caviy ^ 
discussed later in the analysis of syst 
using cavities. 

Varying the Resonant Frequency of 
the Cavity 

Three methods for setting the reS °”^ 
frequency in a cavity are shown in figure - • 
One method uses a cylindrical cavity wi 
adjustable disk. When aTE 0ll mode is us - 
the size of the cylinder ma^ oe changed 
the axis to change the resonant frequency, 
smaller the volume of the cavity, the hign er . 
resonant frequency. The movement of the 
maybe calibrated in terms of frequency. Usu j 
in the case of high-frequency equipme 
micrometer scale is used to indicate the P 
tion of the disk, and a calibration chart is 
to determine the frequency. 
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the local oscillator in a radar receiver, is 
timed by the resonant cavity previously shown 
in- figure 7-41 (C). In the klystron, the cathode 
emits electrons which pass through the grids 
toward the plate. When they pass through this 
area, they disturb the field and excite the 
cavity. The resonant frequency is changed by 
the spacing of the grids. Another use of resonant 
cavities is the series of cavities arranged 
around a circle in the magnetron oscillator as 
shown in (B) of figure 7-43. These cavities, 
which are coupled one to another through 
capacitance at the openings, are excited by 
moving electrons. The energy from the electrons 
is passed around the ring from all cavities to 
the one with a loop. This one serves to transfer 
the energy to the waveguide. From the wave¬ 
guide, the energy travels to the antenna where 
it is radiated into space. 

Tunable magnetrons are used in some equip¬ 
ments in order that the transmitter frequency 
may be varied. Although most magnetrons used 
are of the fixed frequency type, they possess 
characteristics, other than cavity dimensions, 
which will determine their output frequency and 
mode of oscillation. These characteristics will 
be explained in chapter 8. 

Cavities also may be used as wavemeters 
(devices for measuring frequency). One type 
of wavemeter consists of a CYLINDRICAL 
cavity with an adjustable disk. Another type 
operates essentially like this but employs a 
COAXIAL cavity and operates in a different 
mode, as shown in figure 7-43 (C). In the 
second type, the signal is introduced into the 
cavity by a loop which is located in one end of 
the cavity. The signal is strongest when the 
loop is at a high current point in the standing 
wave. The standing wave of current is maximum 
at odd multiples of quarter-wave distances along 
the center conductor. When the length of the 
threaded center conductor is varied by the crank 

the distance from the end to the loop can be 
made equal to an odd multiple of quarter waves. 
This causes the current maximum to occur at 
the loop and the input impedance at the loop to 
be minimum. 

The threaded shaft shown in (C) of figure 
7-43 can be calibrated either in wavelength or 
in frequency. The input impedance can be 
indicated by any suitable indicator, such as a 
crystal rectifier and a d-c milliammeter. In 
operation, when the input impedance is mini¬ 
mum, the signal will be absorbed by the cavity. 


In this case, the meter reading will drop. To 
check the frequency of the applied signal turn 
the crank until a dip occurs on the meter and 
read the frequency on the threaded shaft. To 
check the frequency for a zero impedance 
reading, turn the crank until a dip occurs on 
the meter and read the frequency on the threaded 
shaft. 

A cavity can be used as a mixing chamber. 
When two or more signals are put into a cavity, 
it is possible to remove the combination of 
their signal voltages. An example of this use is 
discussed later in this chapter. 

Another use of a cavity is as an impedance 
matching device such as shown in figure 7-44, 
which illustrates a small waveguide connected 
to a large waveguide. Normally, when you 
connect the two waveguides together, there wil 
be reflections in the waveguides. However, a 
small section of waveguide of an intermediate 
size can be matched without reflections, pro¬ 
vided that plates are used at the junction o 
cancel the reactive effects which result from 
the different sizes of the waveguides. Thus, 
although the cavity itself has standing waves 
in it, there are none on either waveguide. 



Figure 7-44. —Cavity used as an impedance 
matching device. 


The ECHO BOX uses a cavity as a RING 
CIRCUIT in a resonant circuit. The rmg # 
circuit gets its name from the fact 
oscillates for many cycles after being ^ 
by an external circuit. In this use the ^ 
is resonant, and once oscillation is s ^ 
will continue for a few microseconds at 
source of voltage has been removed. Thi 
is analogous to a bell which will ring lor ^ 
seconds after being struck. In the 3 cm. \^ g 

me.) ringing circuit shown in figure 7- > 
cavity itself is a cylinder which is three 
in diameter and 10 inches long. A mo 
piston in the cylinder determines the v 
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Figure 7-45.—A 3 cm. ringing circuit. 


the cavity. As the position of the piston is 
ibrated in megacycles, it serves as a fre- 

The cavit y is energized by a 
tial which enters through a small aperture 
tn the small section of waveguide. The energy 
induced in the short waveguide by a probe, 

18 fed by a coaxial ca ble. A good 
, . of feeding the signal into the coaxial 

® 18 by connecting a small antenna to the 
of the cable. 



The resonant cavity just described is used 
as an echo box in figure 7-46. Echo boxes are 
resonant cavities which have a very high Q. 
They are used with microwave radar sets to 
provide an artificial or “phantom" target 
which may be used to tune the receiver to the 
transmitter operating frequency. 

This is how the echo box works. When the 
radar transmitter pulses, energy is fed into 
the echo box cavity. There it sets up violent 


WAVEGUIDE 


OUTLET FROM WAVEGUIDE 


ECHO BOX 



RADAR 
ITENNA REFLECTOR 


PICKUP ANTENNA 


RADAR ANTENNA ASSEMBLY 

Figure 7-46. —Cavity as an echo box. 
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oscillations, and the cavity itself acts like a 
transmitter for a period of about 20 to 40 
microseconds after the pulse generated by the 
radar transmitter ends. (When you view the 
oscillations on an oscilloscope, their wave¬ 
shapes appear as shown in figure 7-47.) The 
energy which the echo box radiates is picked 
up by the small pickup antenna located in front 
of the radar antenna assembly and fed into the 
radar receiver. The receiver displays it on the 
indicator screen. Since this signal simulates a 
radar echo, the cavity which transmitted it is 
appropriately called an ECHO BOX. It is thus 
a means of supplying a signal for tuning the 
receiver. The echo box may also be connected 
directly into the waveguide’s directional coupler. 
Measurement of “ring time” will give a rough 
indication of radar system performance. 



Figure 7-47.-Oscillations in echo box. 


DUPLEXER SYSTEMS 
Basic Systems 

In present-day aviation radar it is desirable 
to use a single antenna for both transmitting 
and receiving. A fast acting electronic switching 
device is required to disconnect the receiver 
from the transmission line during periods of 
transmission and to disconnect the magnetron 
during periods of reception. The receiver must 
be disconnected in order to protect the receiver 
input section and crystal since the magnetron 
output may be several megawatts. This function 
is performed by the TR tube. The magnetron 

must be disconnected during periods of reception 

in order to allow all available reflected energy 


from the target to pass to the receiver. This 
function is performed by the ATR tube. 

The device used to perform this switching 
is known as a DUPLEXER. In performing this 
action the duplexer makes use of one or more 
gas-filled tubes known as transmit-receive 
(TR) tubes. These tubes are a spark gap en- , 
closed in a gas-filled envelope. They are : 
practical for this function because of the tre- 
mendous • power difference between the trails- i 
mitted and received signal. Ionization occurs 
during the transmitter pulse period and causes 
the tube to function as a short circuit or closed 
switch. During the reception period these tubes 
remain de-ionized because the received signals 
are low power; thus they appear as an open 
circuit. 

A simplified cross-section view of a wave¬ 
guide system duplexer is shown in figure 7-48. 
The TR tube (VI104) is used to protect the 
crystal mixer and the receiver circuits during 
transmission. When the magnetron fires, sm- 
ficient voltage is impressed on the TR tube 
to ionize it completely and break down the gap, 
producing an effective short circuit. Since 
TR tube is placed a number of half wavelengt , 
from the waveguide, a short circuit existing 
within the tube reflects an effective shor c r- 
cuit at the entrance of the receiver T-junc ■ 
This prevents the RF pulse from reaching:xne 
crystal and the receiver, but permits it to 
freely to the antenna. The operation o 
duplexer during transmission is shown in: gu 
7-48 (A). After the pulse has passed, the tu 
de-ionizes and again presents a high impe 
at the entrance of the receiver T-junction. , 
This allows any reflected signals to reac. 
crystal mixer. Duplexer action during J 
reception is shown in (B) of the same gur • 
The ATR tube (V1103) is located a nunme 
of half wavelengths from the waveguide, 
when the transmitter fires, which breaks 
the gap of the ATR tube, an effective ^ . 
circuit is reflected across the opening a 
T-junction. This causes the wall to app^ 
continuous to the transmitted energy; t 
energy passes unimpeded. The ATR ^ ave rjL r 
section is so constructed that an odd nu 
of quarter wavelengths exists between its s 
end and the opening to the waveguide. ^ . 
signal reception, the ATR tube is 
and causes an effective open circuit to apF 
at the opening of the ATR junction. This c■ . 

a reflected short across the waveguide a J 
to the TR opening, as illustrated in ° 
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Figure 7-48.—Duplexer action in a waveguide. 


V nCe 6 VOltage has 1)6611 removed a 
lapse of approximately 10/zsec. is required for 

de-ionization. By enclosing the spark gap in a 

« •f 1 V ^ Uat !i d 6nvel0pe> the breakdown 
voltage will be reduced as well as the running- 
voltage and the de-ionization time. 

Figure 7-49 shows the voltage envelope that 
appears across the TR spark gap and the re¬ 
ceiver input when the transmitter fires For 
efficient transmitter operation it is important 
that the power dissipated by the TR tubes is 
small as compared to transmitter power. Also 
the TR tubes must maintain a properly matched 
line while they are fired. During the time that 
the transmitter is fired the TR tubes must 
afford sufficient attenuation to prevent the 
power that leaks into the receiver from being 
of so great an amplitude that it may damage the 
receiver crystal. To allow scope presentation of 
nearby targets it is necessary that the TR tubes 
de-ionize rapidly. 

The amplitude and duration of the ignition 
spike must be reduced to the extent that the 
receiver crystal will not be damaged. This is 
accomplished by providing a keep-alive voltage 
to the TR tubes. TR tubes that perform this 
function contain three electrodes, two of which 
provide the main gap which does the switching, 
and the third, called the keep-alive electrode. 
This keep-alive electrode is mounted close to 
one of the other electrodes. It is connected to a 
relatively high direct negative potential which 
causes steady partial ionization of the gas 
between it and the main electrode. This insures 
almost instantaneous firing of the TR tube for 
each pulse of the magnetron. 


nR 4 M B -; Tl ? e received signal is guided into the 
etron Vlty lnstead of continuing to the mag- 

re^rfth 6 that koth TR's in this illustration 
levarp n i rr ° W Section of the waveguide,thus 
on Z ^ E_type junction whereas the applica- 
tiantpr ^ . ATR » Previously explained in this 
iH-typ^ mder the headin £ "T-junction,” was 


Characteristics of TR Tubes 

At sea-level pressure approximately 30,000 

e in,! r6quired to break down a spark gap of 
men. Approximately 50 volts is required to 
am ionization; this is known as running- 


, BREAKDOWN VOLTAGE 
(IGNITION SPIKE) 


TRANSMITTER 
I STOPS FIRING 


,RECOVERY TIME 

CAN RECEIVE 
-'CLOSE TARGETS 

“ --ATTENUATION 

^RECEIVER VIDEO SIGNALS 


START OF 

TRANSMITTER PULSE 


Figure 7-49.—Voltage envelope seen across 
the TR spark gap when the transmitter is 
fired. 
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A CRYSTAL SHUTTER is frequently used as 
a protective device for the receiver crystal 
while the radar is turned off. When the radar 
is off no keep-alive voltage is applied to the 
TR tube; thus there is the possibility that 
energy radiated from nearby radars may damage 
the crystal. A typical crystal shutter assembly 
may consist of a waveguide gate and a solenoid 
that controls the position of the gate. When the 
radar system is not in operation the solenoid 
is not energized and the position of the gate is 
such that it causes a virtual short circuit across 
the waveguide path to the receiver input. When 
the radar system is in operation, the solenoid 
is energized and causes the gate to move from 
the waveguide to a position where it will offer 
no interference to signals traveling to the 
receiver. 

Protection of the receiver may be improved 
by installing a transformer between the wave¬ 
guide and the TR tube. As a re suit of the step-up 
ratio of the transformer the voltage across the 
TR tube will be greater than that across the 
line. This increase in voltage causes the tube 
to ionize faster, thus more receiver protection. 
An added benefit of the transformer action is 
less transmitter power loss since there is less 
voltage drop across the line at the TR T-junction. 
Resonant transformers are used for this purpose 
in microwave TR systems. 


The cavity of the TR tube is designed to 
have a high Q; this necessitates careful tuning. 
Tuning is accomplished by means of a tuning 
screw which varies the separation of the main 
electrodes. Some equipments use a tunable 
ATR tube which must also be tuned to the trans¬ 
mitter. A detuned TR will cause receiver 
sensitivity to drop. A means of determining if 
the TR is detuned is to compare the sensitivity 
of the receiver at the image frequency with the 
sensitivity of the receiver at the fundamental 
frequency. Before this comparison can be made 
it is necessary to know what this difference in 
sensitivity should be. This data may be obtained 
by making tests on a radar that in functioning 
m accordance with its specifications. The data 
obtained may be used for comparison reading. 


RECOVERY TIME 


Recovery time may be described as thet 
required for a TR tube to de-ionize effectiv 
Specifically it is the time between the end of 
transmitted pulse and the time where the 


ceived signal attenuation drops to 3 db (half¬ 
power point). This recovery time may vary 
from approximately 1/x sec. to 36/i sec., de¬ 
pending upon the type of TR tube in use, its 
age, and the amount of transmitter power. The 
length of the recovery time period is determined 
by the length of time required for the free 
electrons and ions, that remain in the gas after 
the transmitter pulse has been removed, to 
recombine. A short recovery time means that 
target echoes will be received sooner after the 
transmitter pulse ends. 


LIFE OF TR TUBES 

The life of a TR tube is relatively short as 
compared with most other tubes. A major factor 
that shortens the life of these tubes is the 
gradual loss of gas pressure. This is the resm 
of chemical combination of the gas and the tube 
electrodes; also molecules of gas become em¬ 
bedded in the electrodes as a result of glow 
and keep-alive discharge. One means 01 
lengthening the life of these tubes is to maintain 
the keep-alive current within design limits. 
Some equipments provide test points for making 

current checks. A reading lower than the normal 

minimum current will most likely be an indica¬ 
tion that the TR tube is not operating at proper 
efficiency. 

The most general indications of defective 
TR tubes are as follows: 

1. Receiver recovery time will increase. 

2. Receiver sensitivity will decrease. 

3. Receiver crystals will become defective. 

(This will be indicated by an increase m 
crystal back current.) . 

Some radars use the same tube for TR an 
ATR operation. In some cases a tube that vn 
not operate as a TR may be used satisfactory y 
as an ATR; thus for emergency operation 
tubes may be interchanged. 


Microwave Coaxial Line Duplexer Systems 

At frequencies up to approximately 3,000 
megacycles coaxial lines are generally use 
RF transmission. The reason for using 
type line is that at these frequencies should 
waveguide be used the size would be so gr^ 
that it would be impractical. Figure 7-50 s ° 
an application of a TR switch in connection w 
a coaxial line. The TR tube is mounted m 
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idrical resonant cavity to form the TR cal mount to complete the resonant cavity 

'h. At frequencies of 3,000 me. and higher, (lightly shaded area). 

nant cavities are of practical size. The A simplified sketch of the resonant cavity 

contains two conical electrodes which act with an approximate equivalent circuit is shown 
spark gap. They are brought out through in figure 7-51. The coupling loops which are 

lass envelope and connected to the cylindri- used to couple RF energy into and out of the 



SIMPLIFIED CAVITY EQUIVALENT CIRCUIT OF CAVITY 

Figure 7-51.—Equivalent circuit diagram of resonant cavity. 
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cavity are represented as transformer windings. 
The resonant cavity is represented as two 
resonant circuits in parallel. If the gas at G 
does not break down, the input voltage is trans¬ 
formed to a high level by one tuned circuit and 
reduced to its original level in the secondary 
winding at the output. Thus the cavity acts as 
a highly selective transformer with a 1:1 turns 
ratio. If the input voltage is large enough, it is 
transformed to a voltage sufficient to break 
down the spark gap. When the gap conducts, 
the resonant tank is short-circuited, and a short 
circuit is therefore reflected into the input 
transformer primary. 

Although this conduction does not constitute 
a perfect short circuit, it causes a very low 
impedance to appear at the input coupling loop. 
This very low impedance reflects to the T- 
junction a quarter wavelength away as a high 
impedance. The circuit to the receiver there¬ 
fore is disconnected by the conduction of the 
TR switch tube. 

Since the impedance across the gap is not 
zero during the pulse, some energy from the 
transmitter is coupled into the receiver. The 
amplitude of the voltage so coupled is reduced 
by the TR switch and transformer stepdown 
action to a value which is low enough to prevent 
harm to the crystal mixer. An added safeguard 
is the KEEP-ALIVE VOLTAGE. 


High Power Waveguide Duplexers 

A special problem is created by radars that 
produce outputs in excess of one-half megawatt 
(500,000 watts). A contributing factor to this 
problem is that the TR cavity affords little 
attenuation to the multiples of the carrier 
frequency which most magnetrons generate. 
The leakage power of these multiples becomes 
excessive in high power radars. In order to 
protect the receiver crystal it becomes neces¬ 
sary to use a modified TR system. 

The method generally used to provide the 
necessary added protection is that of inserting 
a pre-TR tube at the T-junction ahead of the 
TR tube. When the TR tube fires, a high im¬ 
pedance is reflected to the input side of the 
pre-TR which is three-quarter wavelength from 
the TR tube. This high impedance causes a high 
voltage drop in the waveguide at this point 
which causes ionization across the input. This 
ionization permits the transmitter power to 
flow with negligible loss and effectively dis¬ 


connects the receiver from the waveguide. 
During periods of reception this modified du- 
plexer functions similarly to those previously 
discussed in this chapter. 


!T( 

Id 

i 


Hybrid Duplexer 


A type of duplexer somewhat different from ^ 
those already discussed is the HYBRID RING. J 

This duplexer is capable of performing the J 

duties of the conventional ones already dis- 5 
cussed, and in addition it has a low standing 
wave ratio and the ability to transfer high power. * 

The hybrid ring shown in figure 7-52 is a 
form of hybrid junction, which is a device that 
transmits power to two lines from each of two 
independent inputs that are not coupled together. 
This type of junction is frequently referred to 
as a “magic T.” NOTE: This statement holds 
true for the hybrid ring duplexer only during 
reception; thus the magnetron is not coupled 
to the antenna and there is no dissipation of 
received power by the magnetron. 



Figure 7-52. —A hybrid ring duplexer. 

During the transmitter pulse the duplexer 
does not function as a true hybrid ring becaus 
the ionization of the TR tubes by the high power 
transmitter pulse serves to couple the magnetro 
to the antenna. The TR tubes also perform their 
normal protective action for the receiver crys a. 

A COMPLETE WAVEGUIDE RF SYSTEM 

Airborne radar equipments utilize a syste® 
of waveguides for the purpose of transmitting 
RF energy. A typical radar waveguide sys e 
will be discussed to enable you to understan 
the relationships and applications of the wave- 
guide and its special components, which hav 
already been presented in this chapter, 
magnetron is generally used as a signal source. 
Since airborne equipment is flown at high alti¬ 
tudes, the waveguide system must be maintaine 
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it least at sea level pressure. This is to prevent 
ire-over which may occur at high altitude due 
o decreased atmospheric pressure. The change 
n atmospheric pressure may cause condensa- 
lon of moisture in the waveguide and this in 
urn may cause RFloss, corrosion, and increase 
tie possibility of arc-over. Most aircraft radars 
se an automatic pressurization system. This 
ystem supplies dry air to the waveguide and in 
lost cases to the transmitter and modulator, 
he air is dried by passing it through a de- 
pdrator before forcing it into the system. 

Figure 7-53 shows a waveguide system of 
l airborne radar installation. The source of 
F energy is a magnetron which is connected 


to the waveguide by the flexible section of wave- 
guide Z1305, shown in the upper right-hand 
corner of the figure. The mode of propagation 
in this guide is TEj q. During operation, the 
transmitter output in traveling through the wave¬ 
guide to the antenna passes throughtheduplexer 
section. The ATR tube is located at the T-joint 
nearest the transmitter. The TR tube is located 
at the second T-connection from the transmitter. 
In addition to its function as a TR it also 
provides desirable frequency discrimination and 
image rejection since it is tuned to the trans¬ 
mitter frequency. Since the TR cavity is tuned 
to resonate at the transmitter frequency for 
search radar reception, it presents a bad 


TO KEEP ALIVE 
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TO R F 
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TO FIL. • 
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Figure 7-53.—Mixer, duplexer, local oscillators, and associated plumbing. 
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Figure 7-54.-A complete radar antenna assembly. 


match for beacon signals. However, during 
beacon operation the TR puller relay is ener¬ 
gized and inserts a plunger into the receiver 
section of the duplexer. This plunger is adjusted 
to resonate the TR cavity to the beacon trans¬ 
mitter frequency during beacon operation. Note 


that a keep-alive voltage is applied to theTR 
tube and that the series resistor R142 1 
placed near the TR tube to prevent oscillation- 
Located at the third T-junction is the A* 
coupling. This junction provides a means 0 
obtaining a portion of the transmitter output or 
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\FC operation. The remainder of the waveguide 
issembly is known as a mixer and consists of a 
•ectangular block containing four chambers. 
Niese are interconnected through narrow 
penings. The amount of coupling can be ad- 
usted by means of screws (waveguide at- 
jnu?iors) which project into the openings. The 
)ur chambers are: 

Search local-oscillator. 

Beacon local-oscillator. 

Receiver-mixer and TR. 

Automatic frequency control. 

The flow of energy is continuous through the 
iain guide to the antenna. Each section of the 
ride is connected to the next with a choke joint, 
section of waveguide containing a directional 
'upler is normally connected in series with 
3 waveguide between the duplexer and the 
tenna assembly. A section of flexible wave- 
ide will most likely be used between the 
plexer and the antenna. This serves to in¬ 


sulate the units from mechanical vibrations of 
the aircraft by providing a flexible connection 
between shock mounted components. 

The antenna shown in figure 7-54 is de¬ 
signed to rotate horizontally and to tilt vertically. 
Thus, the signal must pass through the two 
rotating joints before reaching the antenna 
proper. The radiating system consists of a horn 
type radiator and a parabolic reflector with a 
narrow deflecting strip, designed to produce 
the desired beam (cosecant-squared) pattern. 
The energy is directed by the horn into the 
modified parabolic surface from which it is 
projected forward as a vertical, fan-shaped 
beam. 

The energy that returns from the target is 
gathered by the reflector and concentrated at the 
horn. It passes from the horn into the waveguide, 
travels toward the magnetron, and is stopped at 
the ATR box. It is then reflected back along 
the guide to the mixing chamber. 


QUIZ 


As the frequency in a waveguide is in¬ 
creased, the effective transmission line 

a. becomes wider 

b. becomes narrower 

c. does not change 

d. shorts the energy to ground 

A disadvantage of the two-wire transmission 
line, as compared with a waveguide, is the 

a. larger size required 

b. higher radiation losses 

c. lower radiation from the line 

d. lower breakdown voltage 

rhe velocity of propagation of RF energy in 
i waveguide is 

a. greater than the free space velocity 

b. less than the free space velocity 

c. equal to the free space velocity 

d. greater than the velocity of light 


5. One function of the TR tube is to 

a. keep most of the RF energy from 

entering the radar receiver during 
transmit time 6 

b. direct the RF energy into the trans¬ 
mitter section of the radar 

c. prevent an output from the radar trans¬ 
mitter during the receive period 

d. add the necessary impedance to the 
duplexer system during transmit time 


6. Recovery time may be described as the 
time required for a TR tube to 

a. become ionized 

b. become de-ionized 

c. reach its operating temperature 

d. become completely cold 


^hat mode of operation is used in a wave- 
uide acting as a rotating joint? 

a. TMi i 

b. TE i ’i 


c. TE 


0,1 


d. TMq’^ 


7. The A dimension, at frequency of cutoff 
equals 

a. one wavelength 

b. a half wavelength 

c. a three-quarter wavelength 

d. a quarter wavelength 
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8. An advantage of waveguide over the coaxial 
line is 

a. lower power-ha".aiing capability 

b. lower copper losses 

c. lower breakdown voltage 

d. greater heating of the dielectric 

9. The main function of the ATR tube is to 

a. prevent RF energy from leaving the 
transmitter during transmit time 

b. prevent received RF energy from 
getting back into the transmitter section 

c. compensate for all losses within the 
duplexer section 

d. trigger the transmitter at the proper 
time 

10. In high-power type duplexer systems, a 
device used to prevent excessive power 
leakage to the radar receiver during trans¬ 
mit time is called a 

a. cavity attenuator 

b. pre-TR tube 

c. ATR tube 

d. silicon crystal 

11. A disadvantage of a waveguide at low 
frequencies is 

a. lower efficiency 

b. the large size requirement 

c. lower power-handling capability 

d. greater radiation losses 

12. When plugs are inserted in the cylindrical 
side of a cavity, the deeper the plug extends 
into the cavity, the 

a. higher the frequency 

b. lower the frequency 

c. smaller the magnetic field strength 

d. smaller the electrostatic field strength 


13. The B dimension mainly determines the 

a. frequency of cutoff 

b. mode of operation 

c. power-handling capability 

d. size of the A dimension 

14. To exist in a waveguide, the H-lines must 

a. be parallel to the E-lines 

b. be perpendicular to the B dimension 

c. be perpendicular to the A dimension 

d. form complete loops 

15. When a probe is used to excite a waveguide, 
it sets up 

a. electrostatic fields 

b. electromagnetic fields only 

c. magnetic fields only 

d. electrostatic and magnetic fields 

16. A keep-alive voltage is applied to the 

a. pre-TR tube 

b. ATR tube 

c. TR and ATR tubes 

d. TR tube 


17. In a properly operating duplexer system, 
during transmit time, the ATR tube 

a. and the TR tube are in an unfired state 

b. is unfired and the TR tube is firea 

c. is fired and the TR tube is fire 

j e: i- 1 tr tube is unfirea 


18. What is the wavelength required to make a 
90-degree bend so as to avoid re ec 1 

a. Greater than 3 wavelengths 

b. Less than 2 wavelengths 

c. Greater than 2 wavelengths 

d. Less than 3 wavelengths 
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CHAPTER 8 

UHF AND MICROWAVE TECHNIQUES 


The purpose of this chapter is to acquaint 
ou with oscillators and oscillatory circuits em- 
loyed at UHF and microwave frequencies. 
Iso, information dealing with the pulsing tech- 
iques used in RF generators of this frequency 
ill be presented. Specifically, it discusses 
:oblems involved in generating high-frequency 
gnals, explains the theory and operation of a 
imber of oscillators employed at these fre- 
lencies, and describes various methods for 
ising oscillators. 


ADVANTAGES OF HIGH FREQUENCIES 

Perhaps the main reason for using higher 
jquencies is that it is possible to construct 
■ective antennas of smaller size than when 
zer frequencies are used. Small directive 
tunas are an important consideration in air- 
*ne equipment where space and weight are 
jor problems. 

Aside from the factors of size and weight, 
se frequencies are highly applicable to radar 
ipment for they produce better target echoes 
make possible the detection of smaller tar¬ 
si. The size of the target that radar can detect 
ends mostly on the frequency. In general the 
»er the frequency, the smaller the target that 
radar can detect. A target gives the best 
)es when its size is about a half wave or some 
tiple of the radar frequency being trans- 
ed. if the target is much smaller than a 
wave, the intensity of pulse that it reflects 
>w. However, as the operating frequency is 
eased, the half wave becomes smaller in 

th and makes it possible to detect smaller 
3ts. 

n overall statement as to an advantage of 
frequencies is that the trend toward mini- 
zation becomes a reality. This is highly 
•able for aviation equipment. Circuit com- 
its generally become smaller as the fre- 
5y increases. 


FREQUENCY LIMITATIONS OF 
CONVENTIONAL OSCILLATORS 

The principal factors which limit the fre¬ 
quency of the ordinary type oscillator are the 
construction of the tube and the external circuits 
which connect to the tube. 

Tube Construction and Limitations 

The tube construction factors which limit the 
operating frequency of the conventional oscilla¬ 
tor are the interelectrode capacitances in the 
tube, the inductances of the leads, and the transit 
time. 

INTERELECTRODE CAPACITANCES 

At low or medium radiofrequencies the in¬ 
terelectrode capacitances in an ordinary vacuum 
tube have reactances which are so large that 
they do not cause any serious trouble. However 
as frequencies increase, the reactance of these 
capacitances become small enough to materially 
affect the performance of a circuit. A l^uf. 
capacitor, for example, has a reactance of 1,590 
ohms at 100 me. If this capacitor is the grid- 
to-plate capacitance and the RF voltage between 
these electrodes is 500 volts, there will be an 
interelectrode capacitance current flow of 
500/1,590 or 0.314 amperes, an amount of cur¬ 
rent which will disturb circuit operation. On the 
other hand, at 1 me. the reactance of this capa¬ 
citor becomes approximately 159,000 ohms and 
the current flow is only 500/159,000 or 3.14 
milliamperes, an amount which will not seriously 
affect circuit performance. 

A good point to remember is that the higher 
the frequency or the larger the interelectrode 
capacitance, the higher the current flowthrough 
this capacitance. In most UHF oscillators em¬ 
ploying ordinary tubes, interelectrode capaci¬ 
tance currents are much greater than the power 
currents supplied by the tube. These higher 
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currents cause power losses in the resistance 
in the oscillatory circuit. 

Since inter electrode capacitances are ef¬ 
fectively in parallel with the tuned circuit, they 
affect the frequency at which the tuned circuit 
resonates. As you can see in the circuit illus¬ 
trated in figure 8-1, the plate-to-cathode ca¬ 
pacitance is in parallel with the series combi¬ 
nation of the plate-to-grid capacitance and the 



Figure 8-1.—Effect of interelectrode 
capacitance on frequency of tuned- 
plate tuned-grid oscillator. 

grid-to-cathode capacitance. All these capaci¬ 
tances together form a part of the total capa¬ 
citance of the plate’s tuned circuit. You can find 
their total capacitance by the formula, 


C t - C + Cpk + 


c gk c gp 
Cgk + Cgp 


Not only does interelectrode capacitance 
limit the frequency by establishing a minimum 
value below which it is impossible to go, but it 
also varies with the applied voltages and with 
the loading of the oscillator. This causes fre¬ 
quency instability, particularly when the inter¬ 
electrode capacitance forms a large part of the 
tuning capacitance. 

INDUCTANCE OF LEADS 


Another frequency limiting factor with a 
tube is the inductance of the leads to each tube 
element. While these inductances do not neces¬ 
sarily impair the efficiency of the oscillator, 


they may represent a major portion of the in¬ 
ductance of the tuned circuit and limit the fre¬ 
quency by setting a minimum limit on the in¬ 
ductance. Furthermore, since the cathode lead 
is frequently common to both plate and grid 
circuits, feedback takes place through it and 
produces an additional loss of efficiency. 


TRANSIT TIME 


OVERCOMING TUBE LIMITATIONS 


A third limitation imposed by tube construc¬ 
tion is TRANSIT TIME. Transit time is the 
time required for electrons to travel.fro 
cathode to plate. At low radiofrequenciestransi 
time is negligible, since it occupies J 
comparatively small portion of an 
period. But as the frequency becomes ^ 

transit time occupies an appreciable po n 

this period and produces undesirable effects ^ 

tube operation. The effect of transit time 
special concern in connection wi **w 

impedance of the tube. Part of the current^ 
flows in the grid circuit is the cur 
charges the grid-to-plate ca p aclt ance, gp* 
voltage that produces this current is ^ vector 
sum of the input voltage (grid to catood ) 
the output voltage across the plate 1<» • , 

At lower frequencies with a resis 
these two voltages are 180 degrees ou V 
and add algebraically to determine 
current. This current is 90 degrees outofP^ 
with the input voltage. However, a ^ 

quencies, where transit time is w 

factor, the plate current begins to 
voltage. This causes the plate voltag . 

than 180 degrees out of phase wi - tor t 0 
voltage, and the voltage across the cap ^ 
lag the input voltage slightly. ^ 5* degrees 
charging current will no longer b onen t, 

out of phase but will have an in-phase compone 

This means that power is consume ec ttvely 
circuit. This consumption of power 13 t een the 
the same as adding a high resistance ga g 
grid and cathode. This resistance e 
the frequency increases. 


effect 


There are several ways to reduce 
of interelectrode capacitances in vacu ^ tQ 
None are completely satisfactory. ® ^ 

move the electrodes farther apart. How ^ 

is hardly desirable for it increases 0 f 

time. Another method is to reduce 
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the tube and electrodes. This is satisfactory 
except for one ill effect. It decreases the power 
handling ability of the tube directly with the 
square of the factor by which the electrodes are 
•educed. Another method is to separate the leads 
ind to bring them out of the envelope at the 
rarest point. This results in a slight decrease 
n the capacitances. 

Similarly there are several ways to reduce 
tie inductances of the leads. As just mentioned, 
ringing out electrode leads through the envelope 
t the nearest point produces a slight decrease 
1 the electrode capacitance in a tube. This also 
screases the inductances of the leads. Another 
lethod is to make double connections to the 
ectrode. This makes two parallel inductances 
tiich cut the lead inductance in half. Another 
ethod is to arrange the leads as extensions of 
e external transmission lines which are the 
sonant elements of the circuit. Thus the in- 
relectrode capacitances and lead inductances 
e incorporated as part of the timed circuit. 

3e fig. 8-9.) 

It is possible to minimize the inefficiency 
eviously mentioned by using a tube that has 
3 separate external cathode connections. When 
3 cathode lead is used for the grid return and 

other for the plate, circuit, the unwanted 
dback is prevented, since the grid and plate 
•rents do not flow in a common lead induct¬ 
ee. (The 6AG5 and 6AK5, as well as many 
er tubes, are constructed in this manner.) 

For reducing transit time, closer spacing of 
electrodes and higher plate voltage are em- 
ped. Closer spacing of electrodes, however, 
ses higher inter electrode capacitances, 
refore, it can be used only when the elec- 
les are made smaller. For this reason UHF 
lllators operate at very high plate voltage, 
fact that a radar and other pulsed trans- 
ers do not operate continuously is an ad¬ 
age in that high enough voltages may be 
I to reduce transit time without exceeding 
maximum power rating of the tube. Oper- 
> with high voltage does, however, neces- 
e some precautionary measures, such as 
rating the leads to avoid the presence of 
ssive voltage gradients in or on the surface 
e glass envelope, and avoiding sharp pro- 
3ns on the high-voltage leads or electrodes 
event arcing. 

Limitations Due to External Circuits 

creases in frequency cause a rather rapid 
ase in the power losses in the external 


oscillatory circuit. These power losses are due 
principally to skin effect and radiation. 

SKIN EFFECT 

Skin effect is the characteristic of conductors 
at radiofrequencies in which most of the current 
flows near the surface of the conductor. The 
depth below the surface where the density of 
current flow is reduced to 36.8 percent of the 
surface value (in a copper conductor) is equal 
to 6.62 divided by the square root of the fre¬ 
quency in cycles. (This will be the depth in 
centimeters.) For example, this depth would be 
0.0066 cm. for one megacycle and 0.00066 cm. 
for 100 megacycles; thus, the depth at 100 
megacycles is one-tenth as great as at one 
megacycle. 

Skin effect causes a considerable increase 
in the resistance in a vacuum tube circuit. This 
results in a lower Q and increased I^R losses. 
To prevent skin effect losses, conductors are 
made large in size and tubular in shape since 
current flows only in the surface at UHF fre¬ 
quencies. In addition they are plated with silver 
since it has a higher conductivity than copper! 
At UHF frequencies most and possibly all 
current flow will be in the silver plating. 

RADIATION 

Radiation, the other cause of power loss, is 
due to incomplete cancellation of electromag¬ 
netic fields in the region surrounding the circuit. 

When the frequency is low enough so that the 
spacing between two parallel conductors equals 
only a very small fraction of a half wavelength 
there is almost complete cancellation of fields 
in all directions. At higher frequencies, how¬ 
ever, the same spacing would represent a larger 
fraction of a half wavelength. This means less 
cancellation. In extreme cases, such as where 
the spacing is a half wavelength, the fields add 
in the direction of the plane containing the two 
conductors. This causes the tuned circuit to 
radiate energy like an antenna. Therefore, as the 
frequency increases, it is necessary to reduce 
the spacing between the parallel elements. How¬ 
ever, there is a limit on how far you can go in 
reducing the spacing; too close spacing will 
result in arcing of the tank circuit. Another 
means of eliminating radiation is the use of 
concentric lines instead of open wire line. This 
eliminates radiation entirely, since the outer 
conductor acts like a shield which prevents the 
electromagnetic field from ejqjanding into space. 
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LIMIT OF INDUCTANCE AND CAPACITANCE 

At UHF frequencies it is necessary that the 
inductances and capacitances in the oscillatory 
circuit be very small. The lower limit of capac¬ 
itance is the sum of the inter electrode capac¬ 
itances and the distributed capacitance of the 
leads. The lower limit of inductance is the lead 
inductance plus the inductance necessary to con¬ 
nect the tube electrodes externally. UHF oscilla¬ 
tors approach both these limits, the only capac¬ 
itance in the tank circuit often being a small 
trimmer capacitor for fine tuning adjustments, 
and the inductance often being the shortcircuited 
transmission line less than one-quarter wave¬ 
length in iength. In the typical parallel line tank 
circuit (fig. 8-2), the expression for the input 
(sending end) reactance X s (looking at the circuit 
from the tube) of the tank circuit is 


X s = Z 0 tan B s 

where Z 0 is the characteristic impedance of 
the line and Bs the electrical length. 



Figure 8-2.—Parallel wire resonant circuit. 


As you can see in the expression, if B s is 
less than 90 degrees (\/4), then tan B s is posi¬ 
tive and the reactance is inductive. For smaller 
values of inductance, the length of the line is 
decreased. Further, this expression is true only 
when the resistance losses are low enough to be 
neglected. Frequently the tank circuit is located 
near a flat surface and parallel to it. The flat 
surface acts as a shield and, while it does not 
affect the electrical length of the line, it does 
lower the characteristic resistance of the line. 


TRIODE OSCILLATORS 
Ultraudion Oscillator 

The typical ultraudion oscillator illustrated 
in figure 8-3 is sometimes used as a local os¬ 
cillator in receivers and occasionally as a 
transmitter. The d-c circuits contain the com¬ 
ponents R p , C g , Rg, and the small d-c resist- 
ances in the tank circuit and leads. The com¬ 
ponents Cg and Rg form the grid leak bia 
circuit. The charge built up on C g biases the 
tube to class C operation. 



Figure 8-3.-Ultraudion oscillator. 

To understand the operation oftbeultr^ 
oscillator, consider its equivalent circuits s 
in figure 8-4. So far as RF is conceded, as y 
can see in the equivalent circuit, the 
the cathode are open circuits. The 
inductance L consists of the P late .^f. h fL ra iiel 
inductances connected in series with P 

combination of Li and Cl. hnwsthat 

The simplified equivalent circuit sh 
this tank circuit inductance forms a 
circuit with the combined interelectr 
tance, C, which is given by the equation 

Cgk x ^pk 

Cgk+Cpk 

The expression for the frequency of this res 

circuit is 


C-Cgp+ 


fn = 


2tt/LC 
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isically, the circuit of theultraudionoscil- 
as you can see in the simplified equiva- 
is that of a Colpitts oscillator. The capaci- 
s Cgrfc and Cpk form a voltage divider 
it. The voltage Eg developed across Cgk 
the right phase and high enough to sustain 
ations. The minimum amplification re- 
1 to sustain oscillations is given by the 
la 

c gk 

A =- 

c pk 

initial gain is greater than this value, 
tions build up to such an amplitude that 
in is reduced to the value given by this 
a. 

Lighthouse-Tube Oscillator 

lighthouse-tube oscillator like the ul- 
•n oscillator, is a single tube oscillator. It 
I in test equipment and low-power trans- 
i. The lighthouse tube, which gets its 
rom its peculiar construction, will op- 
t frequencies as high as 4,000 me. Its 
rid, and cathode connections are arranged 
it may be mounted directly in the tuning 
ly. (See fig. 8-5.) The component called 
■r consists of three coaxial cylindrical 
3rs, of which the inner cylinder makes 
with the plate, the next with the grid, 


and the outer conductor with the shell of the 
tube. The outer conductor provides an RF con¬ 
nection to the cathode through capacitance. The 
space between the cathode and grid conductors 
forms a coaxial-cathode line which in turn is 
shorted by means of a plunger. The insulation at 
the tube base between the cathode and the cathode 
shell (or external connection) is the dielectric 
between the rings which form the cathode ca¬ 
pacitive coupling. If this capacitive coupling were 
not used, the grid would have a d-c path from 
its cylinder through the plunger and the cathode 
cylinder to the cathode. This capacitance in the 
tube base is great enough to form a virtual short 
circuit for RF. The d-c grid-to-cathode path 
consisting of R g and C g form the grid leak bias 
circuit. 

In the plate circuit, the plate line consists of 
the grid and plate conductors. It is open circuited 
at the end away from the tube. The plate voltage 
is applied to the plate lead through the plate 
tuning rod at the point where the plate line is 
shorted. This point is one-quarter wavelength 
from the end. This quarter-wave section which 
is shorted at the point where B plus is applied 
presents a high impedance to RF from the open- 
ended plate line and therefore prevents RF from 
flowing into the power supply. 

EQUIVALENT CIRCUITS 

The equivalent circuits in figure 8-6 show 
the evolution of the lighthouse-tube oscillator. 
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Figure 8-5.— Lighthouse-tube oscillator. 


In the first equivalent, (A), the components L k 
and Lp represent the inductances of the shorted 
cathoae line and the open circuited plate line 
respectively. This is a true representation of 
the actual circuit provided that the cathode line 
is less than three-quarter wavelength long and 
provided that the plate line is less than a full 



Figure 8-6.—Evolution of equivalent 
of lighthouse-tube oscillator. 


circuit 


wavelength long. The three-quarter wavelength 
and full wavelength were chosen for this circuit 
rather than the one-quarter and one-half wave¬ 
length due to the fact that at the frequency of 
operation the latter fractions of a wavelength 
are inconveniently short. However, keepinmiiw 
that if the cathode line is slightly less than one- 
quarter wavelength, it acts like an inductance; 
and that if the plate line is slightly less than 
one-half wavelength, it will act like an indue* 
ance. There is no lead inductance shown in the 
circuit since the lines connect directly to the 
electrodes. The interelectrode capacitances 
complete the equivalent circuit. 

In the equivalent circuit (B), the para e 
combination of Lp and Cgp are represented by 
X 2 and the parallel combination of L k and c f>jj 
by Xi. Obviously the reactances X2 and Xl along 
with C pk , which you can consider unknown re¬ 
actances, must form a resonant circuit, 
reactance Xi forms a voltage divider circ 
along with C pk . Since the voltage acrOSS jH 80 
the voltage fed back to the grid, it must be 
degrees out pf phase with the plate voltage wn 
can happen only if Xi is a capacitive reactan ■ 
This condition leads to the third equivalen 
cuit (C), in which the reactance Xi is re P re 
by a capacitor. 

An oscillatory circuit requires at l eaS * ® 
inductance, therefore X£ must be an indue: 
reactance. Hence, in the final or the tn 
equivalent circuit (C), the reactance *2 
shown as the inductance L. This circuit is rep 
sentative of the oscillator circuit only a 
resonant frequency. On examining this cir 1 
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►tice that basically it is that of a Colpitts os- 
llator. Now, if Xj is capacitive, Cgk must 
induct more heavily than L^; therefore the 
icillator frequency must be above the resonant 
equency of Lk and Cgk. Likewise, for X 2 to be 
ductive the oscillator frequency must be below 
e resonant frequency of Lp and Cgp. Thus you 
e that the oscillator frequency is between the 
isonant frequencies of the plate circuit and the 
.thode circuit. 

SEDBACK 

In this oscillator, the amount of feedback 
pends upon the size of C in relation to Cpk* 
lis is, in turn, a function of the tuning of the 
thode line; hence, the cathode tuning serves 
incipally for controlling the amount of feed- 
ck. If feedback is too small, oscillations will 
weak and may cease completely. If feedback 
too great, power consumption in the grid cir- 
it will become too large and will result in a 
crease in output of the oscillator. The value 
C, hence of the cathode tuning, has some effect 
i the frequency of oscillations, but since C and 
)k are in series and C is usually much larger 
111 c pk» C must be changed considerably to 
feet the frequency appreciably. 

'.ATE TUNING 

Since the tuning of the plate line determines 
s resonant frequency of the plate circuit, which 
turn determines the amount of inductance 
^resented by the plate circuit at the oscillator 
iquency, the plate tuning is the chief control 
the oscillator frequency. It has a secondary 
set of feedback since C is determined by the 
ative frequencies of the cathode circuit and 
the oscillator. You can see from the fore- 
ng discussion that the plate line is tuned to 
3 the correct frequency and the cathode line 
•djust feedback for maximum output from the 
illator but, since there is some interaction, 
dll be necessary to readjust each line for 
amum accuracy. 

Push-Pull Oscillators 

To obtain higher power outputs, two tubes in 
i-pull circuits or four or more tubes in a 
oscillator are sometimes used. In push-pull 
aits, the tuned circuits are the parallel line 
her line) type. This arrangement forms a 
iced-to-ground system. 


The oscillator circuit discussed first is the 
push-pull tuned-plate tuned-grid oscillator. This 
circuit may oscillate continuously or it may be 
used to provide pulsed operation; this will be ex¬ 
plained later in this chapter. 

TUNED-PLATE TUNED-GRID OSCILLATOR 

In the tuned-plate tuned-grid oscillator, both 
the plate and grid lines are slightly under A. /4 
in length. They are indicated in the circuit of 
the tuned-plate timed-grid oscillator (fig. 8-7) 
as inductances Lp and Lg. The length of the 
plate line in the circuit may be varied by the 
shorting bar. While the grid line is of fixed 
length in this particular arrangement, a little 
greater flexibility would result if it too were 
adjustable in length. The inductances L and 
capacitors Ci, C 2 , C 3 , and C4 in the cathode 
circuits form filters to prevent RF from reach¬ 
ing the filament transformer. The grid leak bias 



Figure 8-7.—Tuned-plate tuned-grid 
oscillator using Lecher lines as 
tuned circuits. 


W__ 
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developed includes Rg and Cg. The component 
Ccr is shown as a dotted portion since it is ac¬ 
tually the distributed capacity of the grid line to 
ground. B-plus voltage is applied to the plate 
lines through R s and L s . A double purpose is 
served by L s : First, it prevents RF from 
getting into the power supply; and second, it 
suppresses parasitic oscillations. 

EQUIVALENT CIRCUITS 

In equivalent circuit (A), figure 8-8, both 
tubes of the oscillator are shown. Lp is the 
inductance, which represents both the plate 
line and the plate lead inductances. Lg repre¬ 
sents the inductance of the grid line and grid 


leads. Lk is the cathode lead inductance. With 
proper adjustment of Ck, Lk forms a series 
resonant circuit that effectively grounds the 

cathode within the tube. 

The second equivalent circuit (B) shows 
only one tube since both circuits are identical. 
L-jj. is one-half Lp and, along with Cpk, forms 
a circuit that resonates at a frequency above 
that at which the entire circuit oscillates. Like¬ 
wise Lgk> which is one-half of Lg, resonates 
with Cgk at a higher frequency than the oscilla¬ 
tor frequency. , . . ... 0 

In the third equivalent circuit (C), both of the 
parallel circuits of (B) are represented by in¬ 
ductors. Since both of the parallel circuits are 

resonant at a frequency higher than the overa 




Figure 8-8.-Equivalent circuits of TPTG oscillator. 
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dilator frequency, they appear inductive. In cuits are the same as i 
3 equivalent circuit the oscillator is the grid oscillator, 
rtley type. The oscillator frequency must be 

er e ijj ier 1116 P late or grid resonant Equivalent Circuits 
quencies. The circuit that is lower in fre- 

ncy (plate or grid) controls the oscillator In the first eauiva 

quency, and the other controls the amount of 8-10, both tubes are s 


cuits are the same as in the tuned-plate tuned- 
grid oscillator. 

Equivalent Circuits 


VED-GRID TUNED-CATHODE 
'ILLATOR 

Another push-pull oscillator circuit which is 
1 in a number of types of UHF equipments is 
tuned-grid tuned-cathode circuit (fig. 8-9). 



igure 8-9.—Tuned-grid tuned-cathode 
oscillator. 

3 oscillator, the plates are effectively 
circuited by tubes which have very little 
ead inductance and which are connected 
action of line. When the lead inductance is 

enough to become objectionable, the plates 
nnected by means of a half-wave section 
to insure a short circuit. The d-c cir- 


In the first equivalent circuit (A), figure 
8-10, both tubes are shown. The grid line is 
represented as inductance Lg, the cathode line 
as reactance X k , and the interelectrode capac¬ 
itances as indicated. 

Circuit (B) shows only one tube. In this cir¬ 
cuit Lgp represents one-half of L g and X Dk rep¬ 
resents one-half of X k . By follovdng the P line of 
reasoning similar to that used in the TPTG 
circuit, you see that the parallel combination of 
Xpk and Cp k must be capacitive at the oscillator 
frequency. Thus it is shown as capacitor C k in 
the third equivalent circuit (C). 

The oscillator must have an inductive ele¬ 
ment; hence Lgp and Cgp in parallel act like an 
inductance L as shown in (C). For Lgp and Cgp 
to be inductive, the grid line must always be 
less than A/4 in length. Since variations in L 
have the greatest effect on the frequency of os¬ 
cillations, THE GRID LINE IS THE PRIMARY 
FREQUENCY TUNING DEVICE. The cathode 
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Figure 8-10. —Equivalent circuits of tuned- 
grid tuned-cathode oscillator. 
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line (Xpk) controls only a portion of the total 
capacitance of the circuit and therefore does 
not greatly affect the oscillator frequency. 
However, since Xpk in parallel with Cpk forms 
a voltage divider with Cgk, it has a considerable 
effect on feedback. X p k may be inductive, purely 
resistive, or capacitive, depending on whether 
the cathode-line length is less than, equal to, 
or greater than a quarter wavelength at the fre¬ 
quency of oscillation. If Xpk is a high resistance, 
the feedback is determined entirely by the voltage 
divider composed of Cgk and Cpk. If Xpk is 
capacitive (greater than X/4), then the two ca¬ 
pacitances in parallel combine to increase Ck 
and results in an increase in feedback. Tuning the 
cathode line to slightly less than x/4 makes it 
inductive and decreases Ck, which results in a 
reduction of feedback. Oscillations will cease 
if Xpk and Cpk in parallel can no longer be 
represented as a capacitor Ck- As can be seen 
by the third equivalent circuit, this oscillator 
is basically a Colpitts oscillator. 


Advantages 

The tuned-grid tuned-cathode type oscillator 
has three advantages: First, the cathode line 
offers a convenient means of connecting the load 
to the oscillator, because it is at ground potential 
with reference to d.c.; second, since only d-c 
voltages appear at the plate and only RF voltages 
appear in the cathode circuit, the two are not 
present in the same circuit and the high peak 
voltages present in a tuned-plate circuit are 
avoided; and third, the tuning of the oscillator 
is quite simple, the grid line being the fre¬ 
quency control and the cathode line the feedback 
control. There is some interaction between the 
tuning controls so that readjustment of each may 
improve both accuracy and output. 

Tuned-Plate, Tuned-Grid, 

Tuned-Cathode Oscillators 

A number of oscillators in the UHF range 
employ tuned lines in all three leads of the 
triode, as in the oscillator circuit illustrated 
in figure 8-11. So far as RF is concerned, all 
three tuned lines are grounded at their mid¬ 
points. The d-c circuits and filament circuits 
are identical to those described previously. In 
the circuit shown, the plate and grid lines, which 
are less than a quarter wavelength long, are 
labeled Lp and Lg respectively. The cathode 
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line, which may be equal to, less than, or greate 
than a quarter wavelength, is labeled Xk* 

The equivalent circuit (fig- 8-12 < A » s "J r 
both tubes, the inductances Lp and Lg 
tapped to ground, and the unknown reac n 
center tapped to ground. The interelec r . 
pacitances are not shown. Since ^ e , cir ^ va i en t 

the two tubes are identical, the secondeq 

circuit (B) shows only one tube. The in u { 
Lpn and L gn and the reactance Xkn 
one-half of L p , Lg, and X k . The ^rdec^ 
capacitances are added. Examination o 
(B) shows that if the cathode line is e high 
quarter wavelength so that Xkn become 
resistance, then the circuit is that o 
ventional Colpitts oscillator. If the ra i°' 
to Lp n is the same as the ratio of the re 
of Cgk and Cpk, there is no difference^ ^ 
tential between the cathode and S r0UI \ .. n a igo 
is in effect out of the circuit. This conditioi 
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Figure 8-12.—Equivalent circuits of tuned-plate, tuned-grid, tuned-cathode oscillator. 


ices the circuit to that of a Colpitts oscilla- 
In either case, the frequency of oscillation 
etermined by the sum of the inductances of 
plate and grid lines, and the amount of feed- 
L by the ratio of Cgk and Cpk. Ordinarily 
ratio does not give the amount of feedback 
'ssary to cause oscillations; for best effici- 
', therefore, the cathode line is detuned from 
pure resistive quarter wavelength so that 
is capacitive or inductive. 

laking Xkn capacitive or inductive while 
ing the sum of Lg n and Lpn constant does 
ihange the frequency of oscillation but does 
3ase feedback. The exact amount of feedback 
nds on the ratio between Lgn and L pn . 

for example, consider the case where Lpn 
-duced to zero and examine the nature of 
In this case Xkn is in parallel with Cpk as 
n in equivalent circuit of the tuned-grid 
l-cathode oscillator in figure 8-10 (B). 

» in controlling feedback, the effect of Xkn 
?es is the same as in the tuned-grid tuned- 
>de oscillator—that is, the cathode line must 
creased in length to increase feedback or be 
?ased in length to decrease feedback. 


On the other hand, if Lgn is decreased to 
zero and L pn is increased to equal the value of 
their former sum, then Xkn is in parallel with 
Cgk* Its effect on feedback then is just the op¬ 
posite to that described. For example, if the 
cathode line is greater in length than a quarter 
wave, it becomes capacitive and the parallel 
combination Cgk and Xkn becomes a larger ca¬ 
pacitance. This reduces the feedback. Reducing 
the length of the cathode line below a quarter 
wavelength makes it inductive, and the parallel 
combination becomes a smaller capacitance. 
This results in an increase in feedback. This 
demonstrates that FEEDBACK IS A FUNCTION 
OF BOTH THE RATIO OF Lgn AND Lp n AND 
OF THE TUNING OF THE CATHODE LINE. 
Since the frequency of oscillations is controlled 
by the sum of Lp n and Lg n and feedback is con¬ 
trolled by both the ratio of Lpn and Lg n and the 
cathode-line length, there are numerous settings 
of the three variable line lengths for any given 
frequency of oscillation and for proper feedback. 
This is readily understood if you consider that 
you have three variable elements with which to 
control two variables, and that there is a certain 
amount of interaction among the three controls. 
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Pulsing of Triode Oscillators 

There are two methods of pulsing UHF os¬ 
cillators. One method employs separate modu¬ 
lator tubes; the other employs a self-pulsing 
oscillator. 

THE SELF-PULSING OSCILLATOR 

Most oscillators use grid leak bias or a 
combination of grid leak and fixed bias. An ad¬ 
vantage of grid leak bias is that the amplitude 
of oscillation is limited and stabilized. Although 
you are probably already familiar with grid leak 
bias, it is discussed briefly again to introduce 
the subject of self-pulsing. In this connection 
notice the graphs of plate current and grid volt¬ 
age versus time in figure 8-13. These wave¬ 
shapes are the same for all oscillators which 
use grid leak bias. At zero time, plate voltage 
is applied but. the grids are grounded so that a 
steady plate current flows. At time ti the ground 
is removed, and any random change in plate 
current will cause a change in voltage in the 
plate tank circuit, a portion of which is fed back 
to the grid circuit. Since this feedback is in the 
right phase and amplitude, the oscillations will 
grow in amplitude. Now each time the grid goes 
positive, grid current flows and charges the 


grid leak capacitor more negatively so that on 
each successive oscillation the average grid 
voltage (the bias) goes more negative. This con¬ 
tinues until a state of balance is reached where 
just enough grid current is drawn to replace the 
charge which leaks off through the grid leak 
resistor during the remainder of the cycle. In 
addition, as the average grid voltage becomes 
more negative, the plate current flows for a 
shorter portion of each cycle until the flow is 
just sufficient to replace the energy lost in the 
tank circuit and to supply feedback to the grid 
circuit. 

With perfect circuit elements and smooth 
electron emission, the circuit would oscillate 
indefinitely at this amplitude. But minute ir¬ 
regularities occur in the movement of electrons 
through resistors and conductors; also the 
emission from a cathode is always nonuniform. 
The nonuniformity is slight, but enough to affect 
the equilibrium in the oscillator circuit. My 
slight decrease in current decreases the fee - 
back; and if the time constant of the RC circu 

is not extremely long, the bias is reduced sligh y 

by discharge of the capacitor. The decrease m 
bias allows a little more plate current, wnic 
reestablishes the equilibrium at the previo 
level. 


PLATE 

CURRENT 


IRREGULARITY CAUSES 
PLATE CURRENT DROP 


GRID 

VOLTAGE 



CUTOFF 


BIAS REDUCES AND 

. OSCILLATION BUILDS 

2 UP AGAIN 

Figure 8-13.-Plate current and grid voltage vs time, showing buildup of oscillations. 
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a circuit with a long RC, however, the 
: starts oscillating, then settles down to a 
ed condition as previously described, but 
Light decrease in plate current now will 
i compensated for by a lowered bias as 
in figure 8-14. The capacitor discharges 
owly. The resulting continued high bias 
its the feedback from being restored to the 
• level, and after a few cycles theoscilla- 
ies out completely. The capacitor slowly 
rges and when its voltage drops below the 
voltage, the current again flows and the 
is repeats. For continuous operation, the 
the self-biasing circuit must be short 
i to allow automatic adjustment of the bias 
anging conditions in the circuit. To make 
rcuit oscillate briefly, then stop, use a 
C. You can see that the time the tube re¬ 
cut off depends upon both the grid capac- 
ld grid resistance. By properly choosing 
/alues, you can have the oscillator operate 
>r 2 microseconds and then cease operation 
3 to 1,000 microseconds, 
id voltage variations are shown in figure 
It is not possible to show the actual time 
ms since the OFF period is several hun- 
imes as long as the ON period. 


In equipment which uses a self-pulsing os¬ 
cillator it may be necessary to synchronize the 
oscillator with other circuits. One method of 
doing this is by applying a synchronizing sine 
wave to the grid. The results are shown in 
figure 8-15 (B) and (C). Without synchronization, 
the grid rises exponentially and crosses the cut¬ 
off line at a small angle which means that the 
actual time that oscillation begins may vary 
somewhat. Notice in (C) that the point at which 
the grid voltage crosses the cutoff bias line is 
much more definite. 

The ideal condition would be for the grid 
voltage to cross the cutoff line at a 90° angle. 
For that reason a positive-going pulse is often 
applied when the grid voltage approaches cutoff. 
This assures oscillation at exact intervals of 
time. The oscillator is then synchronized to 
produce a desirable PRF. 

Another means of obtaining a sharp cross¬ 
over angle of the grid voltage is to return the 
grid to a positive voltage rather than to ground. 
Thus the grid voltage, in rising to a higher volt¬ 
age than zero, will cross the cutoff line at a 
steep angle. 

In order to make the DURATION of the pulse 
more definite, some self-pulsed oscillators use 



Figure 8-14—Effect of long RC. 
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(C) GRID VOLTAGE WITH SYNCHRONIZATION APPLIED 

I 

Figure 8-15. —Grid waveshape with and with¬ 
out synchronization. 


an artificial transmission line instead of the 
grid leak capacitor. This has the added advantage 
of making the operating conditions more nearly 
constant throughout the pulse. There are two 
places where the pulse line can be located. One 
is to put it in the grid circuit, as shown in figure 
8-16, the other, in the cathode circuit. (The con¬ 
struction and operation of artificial transmis¬ 
sion lines are explained in chapter 5.) 



Figure 8-16-Oscillator circuit with pulse 
line in grid circuit. 


A pulse line behaves like a long transmission- 
line. Your chief interest is that it acts like a’ 
resistive circuit until the charging pulse has 
traveled the length of it and returned, at which 
time it is fully charged. This causes the voltage 
to change in two steps, the first step is from the 
bias E (figs. 8-16 and 8 - 17 ) to the voltage de¬ 
termined by the product of the grid current 
times the characteristic impedance of the line, 
and the second step is of a magnitude equal to 

the first. . 

The PRF is controlled by the synchronizing 

pulses, but the discharge of the pulse line through 

the- grid resistor must be such that the grid 
voltage approaches the cutoff point by the time 
the next synchronizing pulse comes in. The dis¬ 
charge of the line is in steps, as shown in figure 



m 


Figure 8-17. —Grid waveshape of a line- 

controlled self-pulsed oscillator. T 


* 


8-17, which is the diagram of the gri 
shape of a line-controlled self-pul sed 0 , g 
tor. The magnitude of the discharge v0 . ^ 
determined by the relative values of res 
of Rg and the characteristic impedance 
line. Rg is usually much larger, hence t 
are small. These steps follow the S ene ^ ,. me 
of the exponential discharge curve w ^ 


constant RgC 0 , where 
the pulse lme. 


C 0 is the capacitance 


SEPARATE MODULATORS 

As previously mentioned, some triode Uj 
oscillators are not self-pulsed, but emp 

separate modulators. These modulators are 
much like those used with magnetron osciu 
tors, which are discussed later in this cnap 
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merely note that the oscillator may be 
modulated, grid modulated, or cathode 

lated. r ■ 

^Jri 8 shows a circuit for plate modu- U 

in which short positive rectangular duIsp* 
ppued to the grid of the moXtor tube ^DULAT 0 R± 

mg in a negative-going pulse at the plate. °—|(~t—(---) 
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CHARGING 
' DIODE 


8IASED BELOW 
CUTOFF ^ 


Figure 8-19. —Cathode-modulated oscillator. 


controlling the output pulse. Oscillations must 
build up rapidly so that the leading edge of the 
output pulse will be as steep as possible. The 
plate voltage of the oscillator must remain 
constant throughout the pulse. 


e 8-18. -Plate-modulated oscillator. 


insformer is connected so that plate 
is applied to the oscillator tube or tubes 
rectangular pulses. RF components for 
lator are not shown in the diagram. The 
jner is specially constructed so that it 
ne rectangular pulse without undue dis- 
Srnce the purpose of the transformer is 
inversion, the question arises as to why 
-going pulses are not applied to the 
he modulator tube to cut it off and ob- 
sitive-going pulse at the plate for use in 
ng the oscillator. This would require 
modulator tube, or tubes, conduct 
uring all the cycle except during the 
|d would result in excessive waste of 
He grid capacitance C g of the oscillator 
small, usually consisting of only the 
ce to ground of the grid-tuned circuit, 
io large, Cg might cause the oscillator 
f-pulsed and cut itself off before the 
’ pulse is over. Hence Cg and R g have 
it would cause continuous wave opera¬ 
te voltage were applied all the time, 
uator pulse then is most effective in 


A cathode-pulsed (modulated) oscillator does 
away with the necessity of inverting the pulse 
hence no transformer is used. (Refer to fig! 
8-19.) The charging diode serves to recharge 
the coupling capacitor C between pulses. The 
capacitor must have quite a large capacitance 
so that it will not discharge appreciably during 
the pulse and thereby lower the plate-to-cathode 
voltage. 

Grid modulation requires less power from 
the modulator for operation than either of the 
other two types of modulation. In grid modula¬ 
tion a positive-going rectangular pulse is applied 
to the grid and raises the grid voltage well above 
the cutoff point so that oscillation starts. Os¬ 
cillation ends whenever the grid voltage drops 
to the normal bias. Usually the arrangement for 
this purpose is the one in which oscillation is 
started by a positive trigger pulse and ended by 
a self-pulsing grid bias voltage. Cg in the grid- 
pulsed oscillator shown in figure 8-20isasmall 
capacitance and is used to couple the pulse from 
the cathode of the modulator tube to the grid of 
the oscillator to insure a rapid rise of voltage 
at the grid and cause oscillations to build up 
quickly. 
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THE MAGNETRON OSCILLATOR 
AS A TRANSMITTER 


cases by a permanent magnet. Figure 8-21 shows 
a cutaway view of a magnetron tube. The tube 
consists of a cylindrical plate with a cathode 
placed coaxial with it. The tuned circuits in 
which oscillations take place are the resonant 

cavities in the plate. 

The magnetron tube is a delicate instru¬ 
ment and must be treated as such if satis¬ 
factory operation is obtained. Handle the tube 
carefully, for should it be dropped or should 
the tube elements be moved there is the possi¬ 
bility of a plate-to-cathode short or at least a 
change in spacing of these elements. Either 
these will cause the tube to operate improperly 
The magnets, which are made of a special au y 
called Alnico, are unusually strong. The fieM 
strength required is dependent upon anode po¬ 
tential and operating frequency. The magne 
should not be struck with metallic substances 
any hard material for this will cause them to 


lnao m a cm . 


A magnetron is used as the transmitting tube 
in almost all pulsed transmitters that operate 
at frequencies above 1,000 me. The fact that 
transit time has little influence on the magne¬ 
tron, whereas it is a limiting factor in the op¬ 
eration of conventional tubes, makes this type 
tube desirable for UHF pulsed operation. Some 
triodes may be used in transit-time oscillator 
circuits at radar frequencies, but their use is 
limited because of lower power output. There 
are some velocity modulated tubes, such as the 
klystron, which operate in the radar frequency 
range and are capable of greater power output 
than the triodes, but they too are not desirable 
since they are not particularly adaptive to high- 
power pulsed equipment used in present-day 
aircraft. 

Magnetrons can produce pulsed power out¬ 
puts at frequencies as high as or possibly higher 
than 25,000 me. The power output of a magne¬ 
tron may exceed 100 kilowatts at 10,000 me. 
and 5 megawatts at 3,000 me. 

The magnetron, which is a self-excited os¬ 
cillator, possesses rather poor frequency sta¬ 
bility as compared with the more stable lower 
frequency oscillators (electron-coupled or 
crystal-controlled). However, by the use of AFC 
and proper design the magnetron provides ade¬ 
quate stability. The magnetron is a type of diode 
in which a magnetic field is set up perpendicular 
to the electric field existing between the cathode 
and the plate. The magnetic field is provided by 
an electromagnet in some instances but in most 


A Multicavity Type Magnetron 

Various types of magnetrons have been de¬ 
signed, but at the present time the mo 
type is the resonant-cavity (traveling- _ 
magnetron. This is the only type that will 
discussed in this chapter. A magne r 

type is shown in figure 8 - 22 * T ?f p h l e resonant 
is a solid block of copper in which the r 

cavities are cylindrical holes. , fleure 

an illustration of the magnetron sho ^ 

8-21.) A narrow slot opens each cavity 
central portion of the tube and divi e ^ 
plate structure into as many segments * 
are cavities. Alternate segments are , ^ 
together so that the cavities are P ^ 
parallel so far as the output is conC . f * om a 
makes it possible to take the outp cavi tieS. 
pickup loop placed inside any one oi 
Since the outer conductor of the outp . the 
line is at ground potential and conne nar t 0 f the 
shell of the magnetron, which is a P m 
plate structure, there cannot be a ° raere sult 

d-c voltage applied to the plate.The jjed 
is realized whenever negative voltag ^ 
to the cathode, since it is equivalent 

fho wlnfn r\AnHi 


Operation of the Magnetron Oscilla 

The theory of operation of the ^ed 

based on the motion of electrons in 
electric and magnetic fields. 
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Figure 8-21. —Cutaway view of a magnetron. 
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Figure 8-22. —Multicavity magnetron. 
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CATHODE CYLINDRICAL 





END VIEW OF MAGNETRON 


Figure 8-23. —Effect of magnetic field on electron. 


EFFECT OF MAGNETIC FIELD 
ON ELECTRON FLOW 

When no magnetic field exists, heating the 
cathode results in a uniform and direct electron 
movement from the cathode to the plate sur¬ 
rounding it (fig. 8-23 (A)). However, as the 
magnetic field surrounding the tube is continu¬ 
ally increased, a single electron is affected as 
shown in figure 8-23 (B), (C), and (D). In (B) 
the magnetic field has increased to a point where 
the electron proceeds to the plate in a curved 
rather than direct path. In (C) the magnetic field 
has reached a value great enough to cause the 
electron to just miss the plate and return to the 
cathode in a circular orbit. This value is the 
critical value of the field strength. In (D) the 
value of the field strength has been increased to 
a point beyond the critical value and the electron 
is made to return to the cathode in a circular 
path of smaller diameter. Thus the size of the 
circle or the path that the electron follows 
around the cathode for a fixed cathode-to-anode 
potential will depend upon the strength of the 
magnetic field. Since these paths are determined 
by both magnetic and electric fields, they may 
be altered by changing the strength of either. 
The strength of these fields is critical for they 
determine the paths that the electrons follow and 
this, in turn, determines the stability of oscilla¬ 
tion and tube efficiency. Under ideal conditions 
the electron paths are such that when curving 
past the slots of the resonant cavities energy 
is released to the RF field. 

PRINCIPLE OF OPERATION 

The principle of operation of a magnetron is 
expressed in the process by which an electron 


acquires energy from the d-c field (existingbe* 
tween the anode and cathode) and releases it o 

the RF field to build up and sustain oscillations. 
(This happens when the d-c field accelerates e 
electron and causes it to acquire energy whicftis 
proportional to electron velocity.) 

The cavity resonators are essentially a num¬ 
ber of resonant circuits which are couple 
gether. The RF fields of these resonators may 
or may not be in phase. This phase relate 
is determined by the amount of coupling be 
the cavities. Desired coupling may k® ac( flJ|L 
by connecting selected segments together, 
is known as STRAPPING. By referring.to r 
ures 8-21 and 8-22 you can see an applicauu 

of strapping. ,, 

Magnetrons may operate at different m i 
which is to say that they may resonate at« 
ferent frequencies. These frequencies ar ® 
ter mined by the velocity at which the elec 
whirl about the anode. A mode of operate 11 
produces the greatest power output an 
ciency is the n mode. The resonator is s 
operate in the n mode when the phase dif e 
of 180 degrees exists between succe 
cavities. . lda ta 

The electric component of the RF f| e 
given instant may be represented by do te 
as shown in figure 8-24. In this figure, al 
segments are connected together or s 
to maintain a phase difference of 180 eg 
between segments ( tt mode). The figure ^ 
redrawn as a plane-electrode magnetro ^ 
field distribution as shown in figur© " gin- 
motion of the electrons in figure o-& te( j 
sidered, an electron at point B is acce ^ 
to the right, one at point C is accelera ^ 
tically, and one at point D is accelerate ^ 
left. This action produces bunching so 
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Figure 8-24. —Electric field distribution in a 
four-cavity magnetron. 


unches of electrons pass the gaps the instant 
le field causes maximum deceleration. The 
lectrons yield energy to the RF field, and in- 
uce strong oscillations in the resonant cavity 
f which the gap is a part. 



Figure 8-25. —Force lines in a plane- 
electrode magnetron. 

Since the RF field changes in synchronism 
to the electron motion, the field lines of 
ure 8-25 may be considered as a traveling 


wave moving to the right in synchronism with 
the electrons. The bunching mechanism produces 
a spoke-shaped cloud of electrons that moves 
around the cathode in synchronism with the anode 
wave, as shown in figure 8-26. 

As electrons are emitted from the cathode, 
they combine with the spoke-shaped field and 
simultaneously spiral towards the anode. Ex¬ 
ceptions to this are the electrons that are 
emitted from the cathode at such time that they 
absorb energy from the RF fields. These will 
be quickly returned to the cathode. When elec¬ 
trons approach the opening of the resonant 
cavity they will give energy to the cavity pro¬ 
viding the RF voltage across the opening is a 
decelerating field. (This is illustrated in figure 
8-27.) Electrons on the RF negative side of the 
anode will be repelled by the approaching elec¬ 
trons. This provides the necessary “kick" to 
the oscillatory action of the cavity and thereby 
oscillation is sustained. As the electrons pass 
each cavity, they are slowed down when some of 
their energy is given up. After a few revolutions 
their velocity has decreased to the extent that 
they no longer continue in orbits but are at¬ 
tracted to the anode. 



MODES OF OSCILLATION OF 
THE MAGNETRON 

There are various modes of operation of a 
magnetron and they are identified by the number 
n, which specifies the number of cycles of vari¬ 
ation of the field quantities that occur around 
the circumference of a circle surrounding the 
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Figure 8-27. —An electron approaching the 
slot of a cavity at a time when it will 
give up energy in the cavity's RF field. 

cathode. For each mode of oscillation of a mag¬ 
netron, like those of other cavity resonators, 
there is a particular pattern of field variations. 
In the n equals zero mode, since the fields do 
not enter the anode cavities, the frequency of 
the mode is not controlled by the cavities; thus, 
this is an undesirable mode of operation. With 
the exception of the n equals zero and 77 modes, 
all modes are degenerative. The degenerative 
modes are in reality a combination of two modes 
that have the same resonant frequency. Due to 
unavoidable unsymmetrical construction of the 
anode segments the degenerative modes separate 
into two modes of slightly different frequencies. 

Since a slight variation may cause a shift 
from one of these modes of operation to the other 
with a resultant change in output frequency, these 

jmodes are highly undesirable. Since the 77 mode 
of operation (previously described) is not de¬ 
generative, it is the desired mode of operation. 

It is possible in an unstrapped magnetron to 
have an undesirable mode whose frequency may 
differ from the ir mode frequency by less than 
2 percent. The undesired mode will cause inter¬ 
ference with the 77 mode of operation with such 
a small separation of frequency. With a strapped 
magnetron it is possible to obtain as much as 
10 percent separation and thus eliminate the 
interference. 

Additional Features of Magnetrons 

The power output of a magnetron is obtained 
either by a coupling loop, as shown in figure 


8-22, or by a transformer section of waveguide 
inserted into a cavity, as shown in figure 8-28, 
The filament leads are brought in through the » 
glass enclosure as shown in figure 8-21. fi 

Cathodes of magnetrons usually are oxide- 
coated, indirectly heated surfaces, as shown in * 
figure 8-29. The pulse currents developed in * 
magnetrons are larger than can be produced by 
thermionic emission alone. The large number 
of electrons are developed by secondary emis¬ 
sion from the cathode as the cathode is back- 
bombarded by high-velocity electrons which are 
returned by the magnetic field. Metallic cathodes 
with good secondary-emmission characteristics 
have been used satisfactorily. The cathodes are 
designed with end shields to prevent the escape 
of electrons from the interaction space between 
the cathode and anode block. The design of anode 
blocks depends on the frequency and power 
output. 

MAGNETRON TRANSFORMING WAVEGUIDE 


Figure 8-28. —Waveguide output section. 


H 


END SHIELDS 
Figure 8-29. —Oxide cathode of a magnetron* 
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Another type of anode block, other than that 
shown in figure 8-21, is one that can be used 
unstrapped and is called the RISING SUN be¬ 
cause of its physical shape. This magnetron, 
in 7T .mode operation, requires no strapping 
because its irregular shape contributes to 
stability. 

Magnetrons are difficult to tune. Since the 
resonant circuits are within the vacuum, they 
are inaccessible and mechanical tuning is slow. 
Electronic tuning can be used over a narrow 
frequency range and permits frequency modula¬ 
tion. Mechanical tuning is done by movement of a 
mechanical or magnetic device. Ranges of about 
plus or minus 10 percent of the mean frequency 
can be obtained by mechanical-tuning methods, 
two of which are shown in figure 8-30. In (A), 



Figure 8-30. —Two types of tuning methods. 

movable tuning pins are inserted in each of the 
resonator cavities in order to vary the cavity 
mductance. These pins are made of a nonmag¬ 
netic material. When these tuning pins are in- 
Jerted into the cavity they reduce the space 
available for the magnetic flux and thus the in¬ 
ductance is reduced and the frequency is in- 
reased. in (B), tuning is accomplished by 
arying the capacitance of the resonator. This 
s accomplished by moving a U-shaped ring in 
r out of grooves cut into the anode block. When 
ne ring moves into the grooves, the frequency 
* the magnetron is decreased. 


An application of magnetron frequency con¬ 
trol as illustrated in (B) of figure 8-30 is used 
to frequency modulate the magnetron used in the 
aircraft altimeter, AN/APN-22. In this equip¬ 
ment the magnetron is modulated by a vibrating 
reed which varies the capacity across the strap 
on the anode cavity. 

Since much of the heating of the cathode is 
obtained by the bombardment of the cathode by 
the electrons returning to it, the filament voltage 
is usually reduced when the high voltage is 
applied. This reduction is accomplished by 
adding a tapped filament transformer or a series 
limiting resistor in the circuit. In some equip¬ 
ments the filament voltage is removed 
completely. 

Depending upon the type of magnetron and the 
type of equipment, it is sdmetimes necessary to 
season a new magnetron since it may not with¬ 
stand the immediate application of full-power 
plate voltage. This is accomplished by sub¬ 
jecting the magnetron for a period of a few 
hours to filament voltage only. After this warmup 
period the plate voltage is applied (at low-power 
settings if possible) and a check is made to de¬ 
termine if the magnetron is arcing. Should arc¬ 
ing be detected, it may be necessary to remove 
the plate voltage and again subject the magnetron 
to an additional period of seasoning. The Hand¬ 
book of Service Instructions will generally con¬ 
tain information in connection with this phase of 
maintenance. 

In airborne equipments that use a magnetron 
the magnetic field is provided by a permanent 
magnet. Some magnetrons, called PACKAGED 
MAGNETRONS, have built-in magnets; thus, 
whenever a magnetron is replaced, the magnet 
must also be replaced. The packaged magnetron 
is finding wide use at the present time. 

Theoretically, if the magnetic field of the 
magnetron is reversed, there should be no change 
in magnetron operation. This may not always be 
true since the construction of the magnetron 
may not be perfectly symmetrical. Thus, after 
removing a magnet, it is important that it be 
replaced in its original position. Generally the 
polarity of a magnet is indicated and this may 
be used as an aid in maintenance. The magnet 
should never be removed when the magnetron 
is operating since this will cause the electrons 
to strike the anode at high velocity and cause 
excessive heating. With no magnetic field there 
is nothing to limit magnetron current. 
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Modulating the Magnetron 

The modulator for the magnetron serves a 
double purpose—it determines the waveform of 
the output pulse, and it stores energy between 
pulses and releases it through the magnetron 
during the pulse. 

The basic circuit for a magnetron modulator 
is shown in figure 8-31. In this circuit the 
storage element is charged through the charging 
impedance Z c h and the load. It is discharged 
through the load when the switch is closed. On 
examining this circuit, you can see that closing 
the switch also completes a circuit containing 



Figure 8-31. —Basic circuit for storage and 
release of energy in a modulator. 


the power source and Z c h- This has little con¬ 
sequence, however, since the switch is closed 
for only a microsecond or so at a time and Z C h 
is large enough to prevent any damage. It is 
well to become familiar with the components 
of some of the modulator circuit elements which 
are shown as blocks in this circuit. In the modu¬ 
lator, the source from which the storage element 
is charged may be either a d-c voltage or an a-c 
voltage. The magnetron requires a voltage of 10 
to 15 kilovolts or higher for proper operation. 

In some types of equipment a transformer is used 

between the storage element and the magnetron 
to step up the voltage, while in many others a 
direct connection is made between the storage 
element and the magnetron. Actual charging cir¬ 
cuits are discussed in a later section dealing 
with line-pulsing modulators. In these circuits 
the charging impedance maybe a high resistance 
or a high inductance, or both. Its purpose is to 
control the charging time for the storage ele¬ 
ment and to prevent short circuiting of the 
source during the pulse. 


SWITCHING DEVICES 

Switches for controlling the discharge time 
of pulse-forming networks may be of various 
types. Three types that will be discussed inthis 
chapter are the ROTARY SPARK GAP, GAS 
DIODE, and THYRATRONS. 

Rotary spark gaps are generally not used in 
aviation equipment because they are instable, 
must be enclosed in a pressurized chamber, 
and different repetition rates are difficult to 
obtain. 

Gas diodes are used in some high-powered 
modulators. Figure 8-32 illustrates a gas diode 
type switch in which two cold cathode gas diodes 
are used. Some equipments use more than two 
of this type diode. These tubes are connected 
in series and an equal resistance is connected 
in parallel with each so that the high voltage mil 
divide equally across each tube. This division 
prevents the voltage across either tube from be¬ 
coming high enough to cause the tube to conduc. 

As illustrated figure 8-32, the trigger pulse 
is applied across one diode and causes it to con¬ 
duct. This conduction causes the triggered diode 
to appear as a closed switch which connects e 
full high voltage across the other diode _ 
causes it to conduct; The conduction of this 
closes the network circuit. This circuit re¬ 
mains closed until the storage network 
charges to the point where the diodes de-* 01 ^ ' 
At this time the storage network begins 
recharge. 



Figure 8-32. -Gas diode switch. 

The thyratron is the more common switchl^ 

device utilized in modulators. It is °p eI * a t0 
cutoff until a positive trigger pulse is a PP 
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Figure 8-33. -Schematic diagram of a typical pulse-forming network and charging 

choke. 


id. The tube then conducts until the net- 
circuit becomes discharged to the point 
e thyratron de-ionizes and the grid regains 
l. The most common thyratron of this 
s the HYDROGEN THYRATRON. While 
i diodes require an extremely high trigger 
'■> the hydrogen thyratron requires a much 
voltage, approximately 30 to 100 volts, 
•rmal life of this type of thyratron is ex- 
to be about 900 hours; tube life is in- 
d by repetition rate and not pulse widths, 
ng the widths do not exceed 5 micro- 
9. The two advantages of the thyratron 
ng system are the accuracy of the firing 
id the fact that the thyratron is not affected 
impedance of the trigger source. 

-FORMING NETWORKS 

pulse-forming network consists of a 
3f coils and capacitors in an arrangement 
d shown in figure 8-33. There are other 
sments for the elements in the PFN, but 
angement shown is the most common, 
ilse-forming networks have a CHARGING 
in series with the input. The choke is 
resonant with the line and isolates the 
supply from the switching device during 
= e time. The LC constants in the net- 
*e carefully selected to provide a pulse 
roper shape and duration. The coils and 
ts must be rated to withstand the high 
[ anc * currents they encounter inbuilding 
igh-powered pulse. 


The PFN and charging choke are designed so 
that their combined impedance matches the out¬ 
put load as nearly as possible when the network 
is switched. The output line therefore appears 
as an infinitely long transmission line when the 
switch is closed. This reduces reflections in the 
charging circuit during the discharge interval. 
During the charging time, however, when the 
switch is open, the network is resonant. It can 
be shown that when a voltage is suddenly applied 
to an inductance and capacitance in series, the 
voltage at the resonant frequency of the circuit 
oscillates in such a mannner as to give a sine 
wave, the amplitude of which is almost twice the 
applied voltage. 

For maximum voltage production the pulse 
recurrence frequency should be equal to twice 
the resonant frequency of the charging circuit. 
To permit operation at more than one repetition 
rate, a charging diode must be connected in se¬ 
ries with the charging choke. This diode would be 
connected at point D in figure 8-33. Figure 8-36 
shows a multi-PRF modulator using a charging 
diode. The pulse-forming network is thus pre¬ 
vented from discharging after the maximum os¬ 
cillation is reached. The diode also causes some 
additional damping in the circuit, so that the 
maximum value is slightly less than the original 
maximum value of almost twice the value of the 
d-c supply. 

Because the diode maintains the voltage at 
practically twice the d-c supply for a consider¬ 
able time the interval between times of closing 
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the switching device can have any value greater 
than a half cycle of the charging oscillation. 

The output voltage pulse from a d-c resonant 
charging network is about half the voltage to 
which the network is charged because the line 
impedance and load impedance are equal. Since 
the network is charged to nearly twice the supply 
voltage and the output pulse voltage is half the 
network charge, the usable voltage in the output 
pulse is about 0.9 of the supply voltage. 

This type of pulse network is usually sealed 
in a metal box filled with oil which acts as an 
insulator. For that reason it is sometimes called 
a POTTEI? NETWORK. It is impossible to re¬ 
place components in the line. Some lines using 
only a few elements are not potted. These do 
not generally give as nearly a rectangular output 
pulse, due to the smaller number of sections. 

THE PULSE TRANSFORMER 

In the circuits discussed thus far the load 
can be a magnetron and its associated circuits 
or the primary of a pulse transformer which has 
its secondary connected to the magnetron. The 
use of a high-voltage step-up transformer to 
furnish voltage for the magnetron makes possi¬ 
ble the use of lower voltages in the pulse-forming 

network and thus simplifies the insulating prob¬ 
lem. An advantage in using a transformer with 
two secondaries (bifilar windings), as shown in 
figure 8-34, is that it avoids having high voltage 
in the magnetron filament transformer. The bi¬ 
filar windings have the same voltage induced into 
each since they are wound side by side. This 
winding makes it possible to connect a filament 



Figure 8-34.-A transformer with two second¬ 
aries makes possible the grounding of the 
filament transformer secondary* 


transformer, without high-voltage insulation, to 
the heater of the magnetron and to couple the 
high-voltage pulse between the cathode and plate. 

A third need for the high-voltage pulse trans¬ 
former is matching impedances, particularly 
where the radar antenna is remote from the set 
itself. Since the use of long transmission lines 
between the magnetron and the antenna make the 
magnetron's operation somewhat erratic, it is 
de sirable to have the magnetron near the antenna. 
This necessitates the use of long lines to carry 
the modulator pulse to the magnetron. In order 
to be able to use 50-ohm line for this purpose 
and still obtain an impedance match with the im¬ 
pedance of the magnetron (approximately 1,000 
ohms), it is necessary to use a 4 1/2 to 1 step- 
up transformer at the magnetron end. 

The pulse transformer must be specially 
designed because there are very high frequency 
components present in a rectangular pulse o 
such short duration. The core is usually silicon 
steel and has laminations in the order of 0. 
inch in thickness. In general a good pulse trans¬ 
former must have low leakage inductance, low 
interwinding capacitance, and high primary 
inductance. 

Types of Modulators 

There are two types of modulators-theline¬ 
pulsing modulator and the driver-har - u 
modulator. The line-pulsing modulator store 
energy and forms pulses in the same cir 
element. This element is usually the P 
forming network. The driver-hard-tube m 
lator forms the pulse in the driver; the pu 
then amplified and applied to the modulator, 
hard-tube modulator has been replaced by 
line-pulsed modulator. The reasons for is 
placement are that the hard-tube modulator 
lower efficiency, its circuits are more comp » 
a higher power supply voltage is require , 
it is more sensitive to voltage changes. 

The line-pulsed modulator is easier to 
tain because of its less complex circuitry ^ 
for a given amount of power output, it» ^ 
compact and light. Since it is the princF ' , 
used modulator in aviation radar, it is tn 
type that will be discussed at great ^ en ^ til ' rfu i a . 

Before discussing the line-pulsing ® 
tor, it is well to consider briefly the’ va j^ 
types of charging circuits and to note thei 
vantages and limitations. To do to 1 ®’ 0 f 
figure 8-35 which shows the various typ 
charging circuits. 


258 


Digitized by v^ooQle 



Figure 8-35. —Types of charging circuits. 


d-c resistance charging circuit (A), 
line or storage capacitance is repre- 
C s t- It is charged through R c h to the 


value of the d-c voltage. During the pulse one- 
half the d-c voltage is applied to the magnetron 
(assuming the line impedance is matched to that 
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of the magnetron) for a period of time deter¬ 
mined by the line components. This is only 50 
percent efficient. Therefore, it is necessary that 
the d-c voltage be twice the value needed for the 
magnetron. The time constant R c h c st must be 
large in comparison to the period of the repeti¬ 
tion frequency. This insures that the line will 
fully charge between pulses but will not discharge 
appreciably through the source and R c h during 
the pulse. 

In the d-c resonance charging circuit (B), 
resistor R c h is replaced by an inductance L c h- 
As Cst charges, the current through L c h builds 
up a magnetic field. This field causes current 
to continue after C s t is charged to Ebb* The 
charge will reach a peak of approximately 1.9 
times Ebb after which it starts decreasing. If 
the modulator is triggered at the instant of 
maximum charge, the voltage applied to the 
magnetron is about 95 percent of E b b- This 
necessitates that the resonant frequency of L c h 
and C s t be one-half the PRF of the radar. The 
firing time is very critical if advantage of the 
maximum voltage is to be obtained. 

The difficulty encountered in the preceding 
circuit is overcome by adding a diode in series 
with the charging element. Circuit (C) prevents 
the line from discharging after reaching its 
peak. This means that the time of firing can 
occur any time after the peak is reached. There¬ 
fore, the frequency at which L ch and C st reso¬ 
nate is equal to or greater than one-half the 
PRF. The disadvantage of making the firing 
time less critical is that the voltage to which 
the pulse forming line charges is decreased by 
the drop across the diode to about 1.8 times Ebb- 
This makes the efficiency of this circuit about 
90 percent. 

Circuit (D) has the pulse line charging from 
an a-c source. In this circuit, the charging line 
is prevented from discharging by a diode in 
series with it. Further, in this circuit it is nec¬ 
essary that every trigger pulse come at a time 
when the diode plate is negative; otherwise the 
diode and the switch will short circuit the a-c 
source. Therefore, 

T r = NT ae 

where 


T r = time between trigger pulses 
N = 1 or some other whole number 
T ac = time of a c Y cle of 1116 a- c source voltage 


The voltage to which the line charges is almost + 
the peak value of the a-c wave so that the effi- 9 
ciency is about 70 percent. J 

In circuit (E), the diode is replaced by the {l 
inductance L c h- This inductance, along with Cst, 
forms a resonant circuit which is resonant at 
the frequency of the a-c supply voltage. In this 
circuit the switch may be closed at any peak m * 
oscillations. Usually it is closed at the first , 
peak. At this time the voltage is approximately 
7 r times the peak value of the a-c voltage. In 
addition T r = T ac = 2 tt x ^L ch C st . If the switch 
is closed at the second peak, the voltage will he 
nearly twice as high. This type of charging gives 
voltages higher than the source voltage. 


THE LINE-PULSING MODULATOR 

This discussion will serve a dual purpose- 
it will explain the theory of operation of a typi¬ 
cal line-pulsing modulator and will also sum¬ 
marize the function of the various modulao 

components already explained in this chap er. 

The modulator (fig. 8-36) is of the Une- 
pulsing type. The pulse-forming network un er 
goes a charge-discharge cycle at a rate [r I 
which is established by the master-triggerg - 
erator and which is consistent with thei p> 

width in use and the maximum power capable 

of the transmitter. The modulator cons 
artificial-line pulse-forming network » 
hydrogen-thyratron switch tube V405; hoi 
charging diode V403; inverse-diode v404;r lse 
nant charging choke L401; and magnetron p 
transformer T404, the double-wound seconaao 
of which supplies a pulse of power to the mag 
tron cathode circuit each time the line 
charged. The switching device wMch c°n ^ 
the discharge of the lineisahydrogen-thyr . 
tube controlled by the trigger from the ra 
synchronizer. t * 0 

When system power is applied curreI j offi 
charge the pulse-forming network is drawn 
the power supply through resonant cnarg 
choke L401 and charging diode V 403 . Th ^ 
of this current establishes a magnetic fie 
resonant charging choke. Charging is r *P 
to the point at which the pulse-forming n , 
charge nearly equals the peak power sup ^ 
voltage, approximately plus 2,500 vo s ♦ 
The rate of charge drops sharply, and tn■ _ 
netic field built up in the resonant cnars 
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Figure 8-36. —A typical line-pulsing modulator and magnetron circuit. 


collapses. By this self-inductance, a volt- 
proximately twice the power supply peak 
■ is rapidly established. The tendency of 
lonant charging choke to oscillate is halted 
jy at its first positive peak by the rectify- 
ion of the charging diode and the pulse- 
g network is held at this high potential. 
r ge of the, capacitors within the pulse- 
=• network is prevented by charging diode 
Inverse-diode V404, and thyratron switch 
re inoperative and hence appear as infinite 
nces and do not provide a discharge path 
network. 

master-trigger generator in the syn- 
er supplies a trigger voltage to the grid 
thyratron switch tube through the d-c 
l capacitor C402. When triggered the 
ube ionizes and provides a closed circuit 
discharge of the pulse-forming network, 
^charge continues for a definite period of 
a constant rate, determined by the con¬ 


stants of the pulse-forming network. A negative 
square-shaped pulse is impressed across the 
primary winding of the magnetron pulse trans¬ 
former T404. The width of the transmitter pulse 
varies in a manner determined by the number of 
sections of the pulse line in use, as determined 
by the beacon pulse relay K403 and long-range 
pulse relay K404. Since the primary of trans¬ 
former T404 is matched with the 50-ohm surge 
or characteristic impedance of the pulse- 
forming network or line, there is an equal divi¬ 
sion of voltage between these two units. Approx¬ 
imately 2,500 volts is impressed on the primary 
of T404. The turns ratio of T404 causes a volt¬ 
age step-up of 1 to 5. Thus a negative pulse of 
approximately 12 kilovolts is placed on the 
cathode of the magnetron V406. Thepeakpower 
of this pulse is in the order of 150 kilowatts. 
Output of the magnetron approximates 50 kilo¬ 
watts due to losses in this tube and the associ¬ 
ated circuits. 
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Gas bursts (arcing) occur occasionally within 
the magnetron. This condition causes momen¬ 
tary pulse-transformer impedance mismatch¬ 
ing, and a small voltage of polarity opposite to 
that of the modulator pulse may appear across 
the pulse-forming network after the pulse. This 
small reverse voltage is in series with the power 
supply voltage at the start of the next charging 
cycle. Hence the total voltage available to pro¬ 
duce the charging oscillation is increased, and 
the pulse-line voltage may build up to a value 
great enough to break down the thyratron. This 
condition is overcome by connecting inverse 
diode V404 in parallel with the thyratron. The 
diode bypasses the reversed charge of the pulse¬ 
forming network. 

The pulse-forming network is composed of 
aircore inductors and mica capacitors. It is 
divided into three sections of artificial trans¬ 
mission line, all within the same container. 
Each part is a complete network. The connection 
of the three parts by relays K403 and K404 in¬ 
creases the width of the pulse. When only the 
first section Z401-A is in use, 0.75-microsec¬ 
ond pulses are generated. Addition of the sec¬ 
ond section increases the pulse period by 1.5 
microseconds for a total of 2.25 microseconds. 
With all three sections connected, pulses of 
5.0-microseconds duration are generated. 

During beacon operation only relay K403 is 
energized, thus the A and B sections of Z401 
are connected in the circuit to form a 2.25- 
microsecond pulse. During long-range search 
operation both relays, K403 and K404, are ener¬ 
gized; thus all three sections of Z401 are con¬ 
nected in the circuit to provide a 5.0-micro¬ 
second pulse. 

Resonant -charging choke L401 not only 
doubles the pulse-system voltage before firing 
but it effectively isolates the power supply from 
the rest of the modulator during the relatively 
short periods of pulse duration. It also prevents 
the power supply from shorting through the 
switch tube during de-ionization. 

Resistor R407 functions as a grid leak for 
the thyratron switch tube. Capacitor C403 and 
choke L402 form a filter network to prevent the 
reflection of the switch tube transients into the 
synchronizer. Switch tube current, flowing 
through the cathode resistor R408, generates a 
trigger pulse which is used for synchronizing 
the range mark start-stop multivibrator located 
in the synchronizer. Resistor R409 and capac¬ 
itor C413 improve the trigger shape by re¬ 
moving ripple at the top of the pulse. 


The cathode of the magnetron is internally 
connected to one side of the filament line. Input 
to the magnetron is applied by the modulator- 
through the magnetron pulse transformer T404. 
The design of the pulse transformer provides 
two secondaries of similar electrical charac¬ 
teristics, one in each leg of the magnetron 
filament supply. This bifilar secondary winding 
maintains an equal and in-phase pulse voltage 
on both sides of the filament and effectively 

isolates the high-voltage modulator pulse from 
the low-voltage magnetron filament transformer 

T405. Capacitors C406 and C405 compensate 
for slight electrical differences between toe 
pulse transformer output windings to prevent e 
appearance of high pulse voltages across e 

filament. - _ 

The d-c plate current of the magnetron flow 
through the cathode circuit of V406, pins an 
5 of the pulse transformer, L404 andthe22 
ohm resistor R411. Coil L404 (1 «* 
blocks peak pulses but passes average 

through the magnetron current meter. cap 

C404 offers a low impedance to 
pulses and integrates them for metering. 

ligible current is generated within the magne 

during quiescence, but the average or - 
rent summed over a period of pulsed °P 
is of high magnitude. Longer pulse perils 
lower PRF tend to balance shorter pulse perioa 
at higher PRF, resulting in a nearly hpiM 

duty cycle regardless of the radar function 

performed. Note that while 115 volts is ap 
to the magnetron filament transformer , 
standby it is reduced to 65 volts when 

vnltacrfi 


km 


bill 


bfj 


,uj 


u 


+v»o modulator. 


VELOCITY-MODULATED TUBES 
AS LOCAL OSCILLATORS 


In radar, most receivers use 30 or 60 me 
IF frequencies. In receiver operation* * 
important factor is the stability ofthefr q 
of the local oscillator which generates . 
quency that differs from the transnu . 
quency by the IF. For example, in * 3 qoo 
receiver which receives a frequency » f 
me., a frequency shift in the local osc ^ 
as much as 0.1 percent would be a ^ 

quency shift. This is equal to the ban “ der£L ble 


most receivers and would cause a cons 


loss of amplification in the receiver. ^ 
Still another consideration in radar ^ 
ceiver which uses a crystal diode mixer. 
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sr the power required of the local oscil- 
s small, being only 20 to 50 milliwatts 
3,000-mc. region. Due to the very loose 
ig, only about one milliwatt actually 
s the crystal. 

hird requirement of a local oscillator is 
must be tunable over a range of several 
Srcles. This is to compensate for changes 
transmitted frequencies and in its own 
icy. 

order to obtain a receiver IF signal of 
ing frequency it becomes necessary to 
le frequency of the local oscillator. The 
iscillator must be caused to change its 
icy by the same amount that the received 
changes, thereby maintaining a constant 
quency. The frequency changing of the 
•scillator should occur automatically as 
ceived signal frequency changes occur, 
lases where the RF units are located in 
ite position, it is desirable to mount the 
ter section of the receiver remotely also, 
lsures that the IF frequency rather than 
.nsmitted frequency is cabled back to the 
ir, but makes it necessary that the local 
tor be tuned from a position some dis- 
iway, preferably by varying the voltage 
1 to it. 

ause the reflex-velocity-modulated tube 
stron meets all requirements of a local 
tor better than any other type of tube now 
luction, it is used almost exclusively in 
rave radar receivers. The klystron is 
equently used in microwave signal gen- 
i or other applications where a source of 
'ave RF energy of low power is required, 
.lowing deals with its operation. In it the 
resonators are treated as parallel reso- 
rcuits, as was explained in the theory of 
Dnant cavity in chapter 7. 


THEORY OF OPERATION 

inally klystrons contained two cavity 
srs. When a signal was applied to the 
sonator, the second resonator would also 
the same signal in an amplified form, 
y providing the tube with the proper ex- 
oupling a part of the output resonator's 
3uld be returned to the input. Thisfeed- 
lsed the tube to function as an oscillator. 
NG (to be explained later) was produced 
irst resonator and the output was taken 
! second resonator. In the following dis¬ 


cussion of the reflex klystron notice that the 
bunching is produced by the same cavity from 
which the output is taken. 

In the circuit of the reflex klystron (fig. 8-37), 
note the arrangement of the electrodes and the 
voltages involved for operation. Electrons are 
emitted by an indirectly heated cathode. These 
electrons are attracted by the cavity grids 
(buncher grids) which are more positive than the 
cathode by the voltage E a . The control grid is 
located between the cathode and the cavity grids 
and is for the purpose of controlling electron 
flow. It also has a positive potential which is 
usually about two or three hundred volts. The 
electrons emitted from the cathode travel toward 
the cavity grids at a velocity determined mainly 
by E a . Most of the electrons pass through the 
control grid, the cavity grids, and continue on 
toward the repeller plate. After passing the cav¬ 
ity grids they approach a region where the elec¬ 
trical field opposes their motion since the re¬ 
peller plate is negative with respect to the 
cathode by the voltage E r . This voltage is vari¬ 
able and equals about minus 100 volts. This, in 
turn, makes the voltage from repeller to cavity 
grids three or four hundred volts and slows 
down the electrons causing them to come to a 
stop, after which they reverse direction and pass 
back through the grids. 



Figure 8-37. —Circuit of a reflex klystron 
oscillator. 
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Most of these returning electrons are col¬ 
lected by the cavity grid nearest the cathode, 
the accelerating grid, or the shell. Those that 
are not collected continue on toward the cathode 
until they are reversed in direction by the ac¬ 
celerating field and sent back through the cavity 
a third time. These electrons that are not col¬ 
lected cause improper tube operation; this 
undesirable feature is partially overcome 
through tube design. 

It is important to consider the cause of os¬ 
cillations in resonant cavities. In most oscilla¬ 
tors, oscillations start from some irregularity 
in current flow, such as a transient that results 
from voltage being suddenly applied to the tube 
or from shot effect. With this in mind, assume 
that the oscillations in the resonant cavities are 
already taking place. From this assumption ex¬ 
amine the source of the energy needed to sustain 
these oscillations. 

With the tank circuit oscillating, a high- 
frequency voltage, e, appears between the two 
cavity grids. This causes the electric field 
between these grids to reverse twice during each 
complete cycle of operation. In this condition, 
as the electrons approach these grids, the elec¬ 
tron stream is uniform. The time that is re¬ 
quired for the electrons to pass through the 
small distance between the grids is small com¬ 
pared to the period of oscillations. Electrons 
which enter the space between the grids when e 
is zero will encounter no a-c electrical field 
and they will pass on through at the same ve¬ 
locity. The electrons which enter the space 
when e makes grid G 2 positive with respect to 
grid Gi will encounter a field which tends to 
accelerate them. The amount of acceleration is 
a function of e. Electrons entering the space 
when e is reversed in polarity are decelerated. 
The change in velocity due to acceleration and 
deceleration is small in comparision with the 
original velocity. Those electrons which are 
accelerated most will travel farther toward 
the repeller plate before being turned back, 
while those that are decelerated most will be 
turned back sooner. Thus it is conceivable 
that with the proper magnitudes of e, E a and 
E r , electrons returning to the cavity grids will 
arrive in bunches. 

Figure 8-38 shows the position of electrons 
in the tube at various times during their transit. 
The zero distance position, taken as the baseline 
in the graph, is midway between the cavity grids. 
Electron A, which arrives when G 2 is positive 
is accelerated and travels farther before being 


turned back; electron B is unaffected; electron 
C is decelerated and turns back after a shorter 
excursion. Hence, in the diagram these electrons 
and the ones passing through at intermediate 
times are shown as arriving back at the grids 
at the same instant of time. This is the ideal 
situation, but it is not difficult to see that elec¬ 
trons will return to these grids in a stream 
which varies in intensity at the frequency of the 
oscillations. Due to this fact this tube is caDed 

a REFLEX-VELOCITY-MODULATED tube be¬ 
cause the electrons reverse direction and travel 
through the interelectrode space twice. 

On the return trip the electric fields se 1 ? 
by the voltage e again act upon the electro 
Since they are now traveling in the oppositei di¬ 
rection, they will be decelerated if they return 
when Go is positive and accelerated if they ar¬ 
rive when G 2 is negative. When an electron is 
accelerated by an electric field, its kme c 
energy increases; this additional energy-is taken 
from the electric field. On the other han , 
electron which is decelerated gives up energy 
to the electric field. If the bunches of electron 
can be made to arrive back when G 21 S P os j. » 
they will give up energy to the alternating e • 
For maximum transfer of energy the bun 
must arrive when G 2 is maximum positive, 
question arises as to where this energy or g 
nates. Remember that if the electron sr 
from the cathode is uniform, some elec r 
are accelerated and some are decelera 
the outbound trip by the electric fielc. 0 • 
the average, as many electrons absorb e 
from the field as give up energy to it. ’ 
very little net energy is taken from the 
lating circuit during the bunching proces . 
average kinetic energy of the electron 1 
imparted to it by the d-c voltage Ea* ’ 
some of the energy taken from the d-c e 
field is transferred to the a-c field to 
the oscillations. The power output te w *■ 
the klystron with an inductance loop loc 
side the resonant cavity. 


Modes of Operation 

It is not necessary that the bunches °* 
trons return to the grids on the firS ‘ sjtbe 

swing of G 2 - Figure 8-38 indicates w 1 
bunches arrive on the second positiv t 
the net result is still the same .You can gis 
the time in transit for the average elec gQ 
3/4 cycle, 1 3/4 cycles, 2 3/4 cycles, 
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Figure 8-38. —Bunching action of a reflex klystron. 


orth. In actual practice there are three or four 
modes" in which it is possible for the reflex- 
velocity-modulated tube (klystron) to oscillate, 
'he dark lines in the illustration indicate paths 
f electrons operating in the first mode while 
le light lines indicate paths of electrons op¬ 
rating in the second mode. A third mode is 
ossible when the average transit time is 2 3/4 
ycles, and so forth. 

The following shows how the transit time is 
ontrolled to produce oscillations in the different 
lodes. Since the original velocity of an electron 
spends on the d-c volt voltage E a , and since the 


distance that the electron travels before turning 
back and the speed with which it returns depend 
upon the difference between E a and E r , it is 
possible to adjust the two voltages E a and E r 
for any of the modes. The voltage E a is usually 
fixed in magnitude since varying it produces 
greater initial velocity. This in turn would cause 
a farther excursion and a greater return velocity. 
E r is made variable since it is not feasible to 
make E a variable. For operation in the first 
mode, the round trip must be completed in the 
shortest time. This is accomplished by making 
the repeller plate highly negative. For longer 
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time in the interelectrode space, the repeller 
is made less negative. 

Figure 8-39 shows power output and fre¬ 
quency of oscillations as functions of the repeller 
voltage for three modes of operation. Notice 
that the frequency at the point of maximum out¬ 
put is the same for all three modes and is the 
resonant frequency of the cavity. In addition, 
note that the power outputs for the various modes 
at the resonant frequency are not the same and 
that the output is least in the highest mode. This 
can be explained by examining the factors which 
limit the amplitude of oscillations and which, 
in turn, limit the power output. 

Power and amplitude limitations are due to 
overbunching as well as the usual losses in the 
oscillatory circuit. Overbunching occurs in the 
following way. As oscillations build up and e 
becomes greater, the amount of acceleration and 
deceleration increases. This causes bunching 
to occur within a shorter period of time, that 
is, in a time before the electrons reach the 
grids on the return trip. This tends to reduce 
the magnitude of oscillations. In the higher 
modes of oscillations where the bunches are 
formed more slowly, the electrons are more 
susceptible to overbunching. The magnitude of 
e which results in overbunching is therefore 


lower and oscillations are limited by this action 
to a lower amplitude than the lower modes of 
operation. 

As shown in figure 8-39, the frequency of 
oscillations in a reflex klystron is variable to a 
limited degree in any of the modes of operation 
by means of varying the repeller voltage. When 
the repeller voltage is varied, it causes abunch 
to return a little sooner or a little later than 
normal. Off resonance, the amplitude of oscil¬ 
lations decreases by an amount which depends 
on the Q of the cavity. In this tube the tuning 
range is small in comparison to the frequency 
of oscillations and varies somewhat from one 
mode to another, being greatest in the highest 
mode. This can be explained from the fact that 
in the highest mode, bunching and debunching 
take place at a slower rate and that greater 
variation from the ideal time of return is pos¬ 
sible without debunching, causing the amplitude 
of oscillations to drop below this usable output 
level. Another way to look at it is that in the 
highest mode the interval between leaving the 
grids and returning is greater, and the change in 
period represented by a given change hi fre¬ 
quency is a smaller portion of the interval. To 
illustrate, in the third mode the interval before 
return must be about 2 3/4 cycles. A small 


* 



Figure 8-39. —Power 


output and frequency versus reflector voltage in different voltage 
modes for a reflex klystron. 
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tiange in the period of e would therefore be only 
/4 divided by 2 3/4 or 3/11 as great a portion 
f the interval as it would if operation were in 
le first mode where the ideal time interval is 
'4 cycle. 

The band of frequencies which can be ob- 
ined by varying the repeller voltage lies be- 
reen the half-power points shown in figure 
■39. This range of frequencies is known as the 
LECTRICAL BANDWIDTH. The output curves 
the bandwidth are unsymmetrical about the 
aximum output points. This results from the 
ct that if E r is increased, not only does the 
inching voltage e decrease and cause bunches 
form at a later time, but the repeller voltage 
uses a quicker return and the effects of the 
o actions add to cause poor bunching at the 
ne the electrons return, resulting in a rapid 
op in output on the high side of the hump. At 
wer voltages, however, even though the bunch- 
> voltage e decreases and causes slower 
aching, the decreased repeller voltage causes 
ater return to the grids so that the two effects 
e counteracting and a greater change in re- 
Ller voltage is possible before the output drops 
low the usable level. 

The choice of the point and mode of opera- 
n is a compromise of several factors. To 
Jin with, there are three or four modes which 
re the necessary power output. On the whole, 
vould seem then that the correct choice would 
the highest mode, for it gives the largest 
ing range. The highest mode, however, is 
sensitive to a change in voltage to be well 
"ulated. A change of one volt may cause a 
nge of 0.5 me. in the 3,000-mc. oscillator, 
ce the humps are unsymmetrical, the point 
operation is usually chosen a little below the 
ot of maximum output. This makes it possible 
une above the operating frequency by a greater 
ount than if the maximum point were used. 

In a radar set, the reflex klystron is usually 
d in conjunction with an automatic-fr equency- 
trol circuit; a circuit which frequently is 
d to control the repeller voltage in such a 
as to maintain the correct intermediate 
juency. The details of the discriminator cir- 
and its operation are covered in chapter 5. 

P in mind that the frequency of oscillations 
’rimarily determined by the dimensions of 
cavity and that the repeller voltage is effec- 
in making small changes in the frequency, 
ce, in most reflex klystrons there is a 
:se frequency adjustment which varies the 
ty size in some way and the repeller voltage 


is the fine frequency adjustment. The dimen¬ 
sions of the cavity are changed (fig. 8-40) by a 
mechanical adjustment. 

It is true that the klystron frequency is pri¬ 
marily determined by the size of the cavity. 
However, once built, the spacing between grids 
Gi and G 2 is the controlling factor, and a me¬ 
chanical adjustment is provided which physically 
controls their spacing. Moving the grids closer 
together increases the capacity between them 
and consequently reduces the output frequency. 
Although this adjustment may also reduce the 
overall size of the resonant cavity, its effect is 
small as compared to the effect of the change 
of capacitance. 


Klystron Thermal Tuning 

It has been found advisable in the later types 
of equipment to operate the klystron's local os¬ 
cillator at a point of maximum output (klystron 
tuned for maximum crystal current). This is 
necessary because the noise output of the local 
oscillator is at a minimum at this point. Maxi¬ 
mum output is obtained when the klystron's 
cavity is resonant to the output frequency. In 
order to accomplish this in a practical installa¬ 
tion it is necessary that a tuning mechanism be 
used that will permit remote control of the cavity 
dimensions of the klystron. 

One method of accomplishing this is through 
the use of a remotely controlled cavity tuning 
motor. A newer method of remotely tuning the 
klystron cavity has been incorporated in the de¬ 
sign of some of the newer tubes. In this type 
tube the tuning mechanism is a part of the kly¬ 
stron. In one tube of this type the upper section 
contains a triode. (See fig. 8-40.) The plate of 
this triode changes in length in accordance with 
the temperature of the plate. This temperature 
varies in accordance with plate current. 

The variations of the triode's plate length 
are impressed through mechanical linkage on 
the cavity of the klystron. Thus, by controlling 
the grid voltage of the triode, and in turn its 
plate current, it is possible to vary the dimen¬ 
sions of the cavity in the klystron. This method 
of tuning is known as THERMAL TUNING. 

In some tubes the triode is replaced by a 
diode. This diode has a control tube connected 
in series with it and a B supply. By varying the 
bias on the control tube it is possible to control 
the diode's plate current and this in turn varies 
the dimensions of the klystron's cavity. 
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Figure 8-40.. —Construction of typical reflex klystrons. 


INPUT CIRCUITS OF UHF RECEIVERS 


Much of the material that follows in this 
chapter is reprinted by permission from Prin¬ 
ciples of Radar, Third Edition, by Members of 
the Staff of the Radar School, Massachusetts 
Institute of Technology, Copyright 1952 
McGraw-Hill Book Company, Inc. 

A careful choice of input circuit is very im¬ 
portant, because it is in this portion of the re¬ 
ceiver that noise has the greatest effect on 
receiver sensitivity. In the microwave region 
a low noise figure is obtained most readily by 
applying the received signals directly to a mixer 
circuit employing a crystal, in the UHF range 
it is usually advantageous to precede the vac¬ 


uum tube mixer by one or two stages of ra 
frequency amplification. 

Vacuum tubes have several a.d yan tag e s ov 
crystals in the input circuits of a radar rec * 
Because crystals are delicate, they nw 
protected extremely well by the TR de 
order to avoid burnout during transmis ^ 
Vacuum tubes, on the other hand, are a 
withstand relatively large amounts of r 
mitter power. Mixer circuits employingtr 
also have a somewhat higher conversion g 
than crystal mixers, although they generate 
noise. The effect of the increased noise may 
offset at ultrahigh frequencies by preceding 
triode mixer by one or more stages of r 
frequency amplification—the noise figure o 
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ie is appreciably less when used as an am- 
er than when used as a mixer. 

Jnfortunately, the tubes that are available 
operation in the microwave region generate 
ixcessive amount of noise and are therefore 
suitable for the input circuits of microwave 
ivers. Consequently, use of vacuum tube 
t circuits is restricted to receivers that 
ate in and below the UHF range. First, 
lum tube input circuits are discussed; and 
>nd, several forms of crystal-mixer input 
nits are discussed. 

rhe input circuits of UHF receivers usually 
loy disk-seal triodes and are frequently 
ected to form a grid-return type of circuit. 
RF amplifier employing a disk-seal tube in 
:id-return circuit is very stable and has 
little tendency to oscillate, the only feed- 
: path being through the extremely low 
i-to-cathode capacitance of the tube. Pen- 
s are available for operation in the UHF 
e, but they generally have a higher noise 
*e than triodes and are therefore less suit- 
in radar or other applications when a high 
ee of sensitivity is required. 
a VHF receivers that operate at 200 mega- 
bs or below, the tuned circuits of the input 
es are composed of lumped inductances and 
citances. Often physical capacitors areun- 
ssary, the inductors being made to resonate 
the tube and wiring capacitances. In the 
of 1,000 megacycles the lumped- 
meter resonant elements are replaced by 
y resonators. 

n example of an input circuit of a receiver 
operates in the vicinity of 1,000 mega- 
is is given in figure 8-41. The circuit con- 
of a single stage of radiofrequency ampli- 
ion, a local oscillator, and a mixer, 
house tubes and coaxial-line resonators 
employed in each unit, and connections be- 
i units are made by means of short sections 
axial cable. The lighthouse tubes are shown 
ted in their respective timers in (A) of the 

a 

ie RF amplifier is similar in construction 
> lighthouse-tube oscillator shown in figure 
nd the local oscillator in figure 8-41. The 
najor difference between the RF amplifier 
tie local oscillator shown in figure 8-41 is 
n the amplifier the middle cylinder of the 
is not cut away at the grid terminal of the 
As shown in the local-oscillator section 
ure 8-41 (A), the cutaway section of the 
tine provides the extra coupling needed in 


the oscillator between plate and cathode lines. 
Since there is no cutaway section in the RF 
amplifier’s grid line, the plate and cathode cir¬ 
cuits are isolated except for the small inter- 
electrode capacitance between the plate and 
cathode of the tube. 

The plate supply voltage is conducted to the 
plate terminal of the amplifier tube Vi by means 
of an insulated wire which passes through the 
innermost coaxial cylinder. This cylinder, which 
serves as one conductor of the plate line, is 
coupled to the plate terminal through capacitor 
Ci in order that the tuner may be operated at 
ground potential. Inductor Li serves as a choke 
to prevent RF signals from entering the power 
supply. The middle cylinder of the tuner con¬ 
nects directly to the grid terminal, and the outer 
cylinder fits over the shell of the tube, which is 
grounded. All cylinders are connected together 
by the shorting plungers in the plate and cathode 
lines. A bypass capacitor within the tube pro¬ 
vides an RF connection between shell and 
cathode, and cathode bias voltage is developed 
across and R k i in parallel between the 

cathode pin and ground. Input signals are coupled 
into the cathode-to-grid line by means of a 
probe, and a coupling loop is used to take the 
amplified RF signals from the plate-to-grid 
line. 

An RF equivalent circuit of the amplifier, 
in which the plate and cathode lines are replaced 
by parallel L-C circuits, is shown in the upper 
left portion of figure 8-41 (B). Observe that the 
equivalent circuit is drawn so as to emphasize 
the grid-return aspect of the amplifier. The 
plate line, represented by Lpl and Cpl in the 
figure, is adjusted to resonate with the plate- 
to-grid capacitance C gp of the tube at the fre¬ 
quency of the incoming signal, and the cathode 
line in parallel with C g k is adjusted very nearly 
to the frequency of the incoming signals. Ac¬ 
tually, the cathode line is made slightly induc¬ 
tive in order that any feedback voltage supplied 
through the small plate-to-cathode capacitance 
Ckp (approximately 0.05 wi) will have a phase 
opposite to that required to start oscillations. 
Thus the cathode-line length is somewhat less 
than a quarter wave at the signal frequency. 

Because the output coupling loop of the am¬ 
plifier is located near the shorting plunger in 
the plate line, the output coaxial cable is shown 
as a tapped connection to Lpj infigure 8-41 (B). 
The plate line thus acts as a resonant trans¬ 
former to change the low input resistance of the 
cable (approximately 50 ohms, since the cable 
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usually matched at the far end) to a higher 
istance across the entire resonant circuit, 
j value of load resistance across the resonant 
cuit is governed primarily by the bandwidth 
iuired for the amplifier. Since no provision 
made for tuning the amplifier during its 
mal operation, the bandwidth must be wide 
•ugh to pass received signals despite slight 
nges in the transmitted frequency. 

The tuned cathode circuit is loaded by the 
ut resistance of the amplifier in parallel with 
•esistance representing grid-loading effects 
l timed-circuit losses. The net resistance is 
tched approximately to the characteristic 
listance of the input line by tapping the input 
ile to a point near the shorted end of the 
hode line. The tap location is chosen for op¬ 
ium signal-to-noise ratio and results in a 
listance termination for the input line which 
slightly more than its characteristic re- 
tance. 

The local oscillator, shown at the right in 
ure 8-41 (A), is similar in construction to 
RF amplifier except that the grid cylinder 
partly cut away near the local-oscillator tube, 
us Cpk in the oscillator equivalent circuit 
j. 8-41 (B)) includes both the plate-to- 
hode capacitance of the tube and the external 
lpling capacitance resulting from the opening 
the grid line. All cylinders of the oscillator 
er, like those of the RF amplifier, operate 
jround voltage, and the cathode is maintained 
a positive potential with respect to ground 
ause of the bias voltage developed across Ck2 
larallel with Rk2* 

The local oscillator is tuned in accordance 
i the principles discussed for the lighthouse- 
3 oscillator in the early part of this chapter, 
i plate-line length is the primary control for 
juency and, in fact, constitutes the main tun- 
control for the receiver. Tuning is accom- 
hed by means of a knob or dial connected to 
plate-line shorting plunger through a mech- 
im not shown in the figure. The cathode- 
length governs the magnitude and phase of 
voltage fed back to the cathode circuit from 
plate circuit and must be adjusted so that a 
icitive reactance appears between grid and 
ode at the oscillation frequency. At fre- 
lcies in the neighborhood of 1,000 megacycles 
second, it is mechanically feasible to choose 
lengths so that each line employs its lowest 


mode of resonance. Thus the cathode line is ap¬ 
proximately one-quarter wave at the oscillator 
frequency, and the plate line is less than a 
quarter wave. 

Power coupled from the plate line of the 
local oscillator is applied, together with echo 
signals from the RF amplifier, to the cathode 
line of the mixer tube V3. A component of cur¬ 
rent at a frequency equal to the difference be¬ 
tween the local-oscillator and echo-signal fre¬ 
quencies is produced in the plate circuit of the 
mixer, and the plate circuit is tuned to this 
difference frequency. 

The mixer tuner differs from the local- 
oscillator and RF amplifier tuners in that it 
employs a coaxial-line cavity only between 
cathode and grid, lumped parameters being 
used in the plate circuit. The tuned-plate cir¬ 
cuit consists of inductor Lp3 in parallel with 
inter-electrode capacitance Cgp, the series 
combination of C c and the input resistance R c 
of the output line, and the variable capacitance 
C4 formed by a movable metallic disk near the 
plate terminal of the tube. The capacitance of 
C4 is varied by changing the disk position by 
means of a rod which passes through the end of 
the tuner. 

The various components comprising the 
tuned-plate load of the mixer are illustrated in 
figure 8-41 (B). Because input signals are ap¬ 
plied between grid and cathode of the mixer and 
the intermediate-frequency signals appear be¬ 
tween grid and plate, the equivalent circuit is 
represented as a grid-return circuit. From the 
equivalent circuit it may be seen that the vari¬ 
able capacitor C4 serves to tune the remaining 
plate-circuit elements to resonance at the in¬ 
termediate frequency. Placing capacitor C c in 
series with the output cable isolates the cable 
from the power supply voltage and causes the 
low input impedance R c of the cable to appear 
as a higher resistance across the entire circuit. 

The receiver input circuit of figure 8-41 (A) 
requires that the interconnecting cable between 
RF amplifier and mixer be short. Otherwise 
appreciable attenuation of received signals will 
occur in the cable and cause noise generated 
in the mixer to become important. If cable loss 
is excessive, it may become necessary to em¬ 
ploy a second stage of RF amplification in order 
to maintain the signal level well above the noise 
level of the mixer. 
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CRYSTAL MIXERS 

Single-Ended Crystal Mixers 

In microwave receivers, amplification of 
received signals at the carrier-frequency level 
is generally undesirable because of the rather 
large amount of noise generated by available 
microwave-amplifier tubes. Echo signals of a 
microwave radar system, after passing through 
the TR device, are therefore applied directly to 
the crystal mixer. A voltage from a local os¬ 
cillator, usually a klystron, is applied to the 
mixer simultaneously with the echo signals, and 
signals at the intermediate frequency are de¬ 
rived at the mixer output terminals. 

The important features of a 10-cm. mixer 
employing coaxial-line sections are given in 
figure 8-42 (A). Echo signals are coupled into 
the transmission-line section between TR cavity 
and crystal by means of a coupling loop which 
penetrates a short distance into the cavity. The 
crystal fits snugly into the inner conductor of 
the line and is held concentric with the outer 
conductor by means of a dielectric bead. The 
local-oscillator signal is introduced into the 
mixer assembly by means of a coupling probe 
located approximately a quarter wave (at the 
local-oscillator frequency) from the coupling 
loop in the TR cavity. A high impedance in the 
direction of the cavity is thus presented to the 
local-oscillator signal at the probe. The strength 
of the local-oscillator signal at the crystal may 
be changed by varying the distance the probe 
extends into the main line. Power from the local 
oscillator is conducted to the probe via a section 
of transmission line. 

Connection between the crystal and inner 
conductor of the line section carrying IF signals 
is provided by a spring contact (fig. 8-42(A)). 
The half-wave RF choke appearing on the IF 
side of the crystal provides an electrical short 
circuit for radiofrequency signals at point B. 
The d-c return path required for crystal current 
is provided at the RF end of the mixer assembly 
by the TR coupling loop and at the IF end by the 
shunt-inductance element located in the grid 
circuit of the input IF amplifier stage. 

A two-wire equivalent circuit of the mixer 
is given in figure 8-42 (B). If small losses in 
the RF line and TR cavity are ignored, the por¬ 
tion of the RF transmission system between an¬ 
tenna and output terminals of the TR cavity may 
be represented by a signal-current source I s in 
shunt with the characteristic resistance Rq of 


the transmission line. Because the local oscilla¬ 
tor is loosely coupled to the main line, negligible 
admittance appears in shunt with the lines A and 
B in figure 8-42 (B). Elements Li and Ci rep¬ 
resent the RF choke at the IF end of the crystal 
and are series resonant at the echo-signal fre¬ 
quency. Hence line B is terminated by the crys¬ 
tal at the echo-signal frequency. For maximum 
receiver sensitivity it is important that essen¬ 
tially all the echo power available at the TR 
device be transferred to the crystal. The crystal 
should therefore present a matched-load termi¬ 
nation to the main-line section. Fortunately 
10-cm. crystal units, when operated with a/ 10 - 
inch 50-ohm coaxial lines, provide essentially 
a matched RF load for the line. An impedance- 
changing device between crystal and TR cavity 

is therefore unnecessary. 

Because the local oscillator is loosely 
coupled to the main line containing the crystal, 
an appreciable mismatch of impedance e 
on the local-oscillator lineatthecouplu«P» 

A large impedance mismatch is in 
desirable because of the wide variations 
local-oscillator load impedance 1 ( an .. tor 
power output) that result when the 
frequency is varied. A good impedan 
is particularly important if the Un 
local oscillator and probe is long. 0 
relatively constant load impedance or 
cillator, a resistance-disk type of att 
oftentimes inserted in the local-oscilla ' 
as shown in figure 8-42 (A), in order AA i S i 
nate the line section between oscillator e 
in its characteristic resistance. An a 
to the resistance disk is a piece of 10 J 
which may be inserted between loca 0 
and mixer assembly. (NOTE: Lossy c ^ 
resistance wire for the center con 
example of lossy cable is RG-21/U.) , 

Oftentimes mixer assemblies me >. 

dition to the circuit that supplies IF echc 
a separate mixer for generating IF 3 g ^ 

the automatic-frequency-control circ f ^ type 

ample of a 3-cm. mixer assembly 0 . tor 

is shown in figure 8-43 (A). Lo ^ ca vity 
power and RF echo signals from tne g aS 
are coupled into waveguide 1, , dg be- 

the echo-signal channel. A crystal e g 
tween top and bottom walls of the 
lower end of the crystal being isolate 
guide by means of a dielectric was ’ nC y 
signal voltages in the intermedia e- ^ 
band appear between the lower end 0 ^ 


i _1 _ 
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(A) PICTORIAL REPRESENTATION INPUT 

CIRCUIT 



C 


Figure 8-42.-A 10-cm. mixer. 


circuit of the IF amplifier, usually over 
ial cable. 

veguide 3 is similar in construction to 
aide 1 and serves as the AFC channel, 
from the local oscillator and a small 


amount of the transmitter power are applied to 
the AFC crystal, and IF signals for the AFC 
circuit are derived at the lower end of the crys¬ 
tal mount, as before. Attenuation between the 
main guide and guide 3 is provided by means of 
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Figure 8-43. -A 3-cm. mixer. 


a circular-waveguide section operating belo 
cutoff. Sometimes a disk type of attenuator 
included in the circular section to redu< 
further the amount of transmitter power reachir 

the mixer assembly. 


The local-oscillator tube is mounted 
waveguide 2 in a manner that permits tneio 
oscillator output probe to extend a short di 
into guide 2. The coupling probe may be 
placed slightly from the center of the tran 
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is of the guide in order to obtain a load im- 
dance for the oscillator which yields a reason- 
ly uniform power output over the tuning range. 

Local-oscillator power is coupled from guide 
into guides 1 and 3 through coupling apertures 
cated in the side walls of the guides. A match- 
l post and tuning screw extending from top 
d bottom walls of the guides at the aperture 
cations serve to regulate the amount of local- 
cillator power coupled to the mixer circuits. 

For optimum performance of the radar sys- 
m, the echo-signal channel of the mixer should 
ovide a matched-load impedance to the wave- 
ide transmission system. The elements that 
termine the mixer input impedance are shown 
the equivalent circuit of figure 8-43 (B). The 
uivalent circuit is derived by dividing wave- 
ide 1 into three sections of lengths /3di, /3d2, 
id /3 d 3 and representing the sections by 
[uivalent lengths of transmission lines (lines 
B, and C in fig. 8-43 (B)). The signal-current 
nerator I s in shunt with R c in the equivalent 
rcuit accounts for the portion of the RF system 
tween antenna and mixer. The coupling aper- 
re between local-oscillator and mixer guides 
Hides 1 and 2) is represented by a variable in¬ 
stance L, and in shunt with L is an impedance 
which accounts for the impedance seen in the 
rection of the local-oscillator guide. The 
rallel combination of L and Z terminates a 
arterwave section of line which is in shunt with 
les A and B. At the echo-signal frequency, the 
pedance of L and Z in parallel is maintained 
lall enough in comparison with the charac- 
ristic resistance of the quarter-wave line to 
ike the input impedance of the quarter-wave 
ction extremely high and hence the amount of 
io-signal power entering the local-oscillator 
ide extremely small. 

The crystal is located at the junction of lines 
ind C, as shown infigure 8-43 (B), and across 
! crystal output terminals is a series R-L-C 
cuit. The counterpart of the R-L-C combina- 
n in figure 8-43 (A) is an RF choke in the IF 
put lead of the mixer. The choke prevents 
signals from entering the input circuit of 
IF amplifier. 

The length of shorted-end line C must be 
h that the input admittance of line C, in shunt 
h the RF admittance of the crystal, provides 
ientially a matched load for line B. Varying 
length of line C changes the susceptance 


component of the total admittance at the crystal 
location. A length of approximately A/4 is usually 
preferable in order to minimize changes in ad¬ 
mittance with frequency. 

Balanced Crystal Mixers 


The noise introduced into the input circuit 
of a microwave receiver by the local oscillator 
may be reduced appreciably through use of a 
balanced mixer. An input circuit of this type 
employs two crystal mixers connected so that 
the local-oscillator voltages applied to each 
crystal are in phase and the echo-signal voltages 
at each crystal are 180 degrees apart in phase. 
As explained below, this method of circuit con¬ 
nection causes the IF components of local- 
oscillator noise to cancel in the IF amplifier 
input circuit and the IF components of the signal 
to add. Because of their ability to suppress 
local-oscillator noise and because of certain 
additional advantages to be discussed later, 
balanced mixers are oftentimes preferable to 
single-ended mixers. They are presently finding 
wide use in microwave radar systems. 

The basic principles of a balanced mixer 
may be explained from the diagram of figure 
8-44, which shows two crystals mounted a half 
wavelength apart (at the signal frequency) be¬ 
tween conductors of a coaxial-line section. Each 
crystal is located a quarter wave from the 
nearer end of the line, and the local-oscillator 
signal is probe-coupled to the line at a point 



Figure 8-44. —Coaxial line balanced-mixer 
circuit. 
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midway between the crystals. The output ter¬ 
minals of the crystals are connected to an IF 
transformer, the primary winding of which is 
balanced to ground. The signal-current genera¬ 
tor Is in shunt with resistance R c accounts for 
signals entering the mixer from the TR device. 

The local-oscillator coupling probe gives 
rise to two waves traveling in opposite direc¬ 
tions in the coaxial line. Assume that at the local- 
oscillator frequency the TR device presents a 
short circuit to the local-oscillator wave tra¬ 
veling to the left in figure 8-44, and that the 
crystals have identical RF impedances equal to 
twice the characteristic resistance of the line. 
Then equal-amplitude, in-phase, local-oscillator 
voltages appear at the crystals. Because of the 
half-wave spacing between crystals, the RF 
echo-signal voltages at the crystals are also 
of equal amplitude but are 180 degrees apart 
in phase. An in-phase relation between local- 
oscillator and echo-signal voltages produces an 
IF signal voltage of one phase, and a 180-degree 
phase relation between local-oscillator and 
echo-signal produces an IF signal voltage of 
opposite phase. Thus the two IF echo-signal 
voltages add in the balanced input circuit of the 
IF amplifier. Because the noise that accompanies 
the local-oscillator signal produces voltage 
components that bear the same phase relation 
to the local-oscillator voltage at each crystal, 
the corresponding IF components of noise at the 
output of each crystal are in phase and hence 
produce no resultant noise voltage across the 
IF transformer. 

In order to realize full benefit from use of a 
balanced-mixer circuit, the crystals should have 
similar RF impedances as assumed above, and 
in addition they should have similar conversion 
gains. Under these conditions of operation, 
only one-half the available RF power is applied 
to each crystal, but since the IF signal powers 
from the crystals add together, the total IF 
power is the same as that obtained from a 
single-ended mixer. Since IF components of 
local-oscillator noise are completely elimi¬ 
nated, maximum reduction in overall noise 
figure is obtained. 

An unbalance in conversion gain yields an 
unbalance in the IF signal voltages obtained from 
each crystal and also an unbalance in the IF 
components of local-oscillator-noise voltages 
at the crystal output terminals. However, since 
the IF signal voltages are additive in the crys¬ 
tal output circuit and the local-oscillator-noise 
components are subtractive, small unbalances 


in conversion gains do not seriously affect the 
overall receiver noise figure. 

MQre important are the effects of a differ¬ 
ence in the RF admittances of the crystals. An 
unbalance of this type causes both the echo- 
signal power and the local-oscillator power to 
divide unequally between the two crystals. As 
a result, the IF signal power obtained from the 
mixer is appreciably reduced, and in addition 
the IF components of local-oscillator noise are 
prevented from canceling completely in the u 
input circuit. Crystals intended for - m mi 
mixer constructed as shown in figure 8-44 must 
be carefully selected on the basis of e^al RF 

admittances in order to insure most satisfactory 

° Pe A*balanced mixer that is superior hi serf 
respects to the coaxial-line mixer just descr m 
is shown in figure 8-45 (A). This m 
ploys a waveguide hybrid junction^of the W 
discussed in chapter 7; this junction is ^ 

called a MAGIC T. Crystals are located mone 

pair of entries (arms 3 and 4). n m ier 

of this type the input circuit of the IF amP» 

is also arranged in the form | ^piifier 
tion. Details of connections of the IF amp 

input circuit, together with . de 

transformer equivalent circuit of e 
junction are given in the right- a , g _ 
figure 8-45 (B). The parallel circuit compJ 
ing L, C, and R is tuned to the 
frequency and the impedance of 
combination of L f , C\ and R’ is ma ^ 
the conjugate of the IF impedance P Rl 
between the terminals to which L , > 

are connected. . ^ 

Ideally the two crystals shoul ^ 

Furthermore, all RF impedances s t f 0n in 
minate the entries of the RF hyhri 


muuuc uic ciiu o* - - _ qViOllM 

matched loads, and all IF impedan 


mavvucu *uauo, --— _ ~ rff hybri^ 

similarly terminate the entries of . 0 fa 
junction. Then, because of the pr ° p gign als 
matched hybrid junction, local-osci * ^ id 

at the crystals are equal in a-inpl 1 0 - pe qual 
phase, and echo signals at thecrys . e> 
in amplitude and 180 degrees apart mp 

The IF components of signals fr ?J n H'^anS- 
tals are applied in push-pull to *? e ^Rbrt 
former To and appear across L, C, 
not across L’, C’, and R\ The . ^iluppUed 
of noise, on the other hand, are ineiie ^ 
between end terminals of T 3 in paralle ^ 
pear across L’, C f , and R’ but notacros ^ 
output terminals. Local-oscillator nois 
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(A) PICTORIAL DIAGRAM 


R F HYBRID I f HYBRID 



Figure 8-45. -Balanced mixer employing hybrid junctions. 


ressed completely. Because the RF hybrid 
ion is matched, the total available power 
the echo-signal and local-oscillator arms 
3S equally between the two crystals. As in 
coaxial-line mixer of figure 8-44, the IF 
■ from each crystal is one-half the available 

signal power times the conversion gain G 
crystal. Since IF power from each crystal 
livered at the IF output terminal, the total 


IF output is the product of the echo 
power and G, as before. 


signal 


_. . ,, 7 .-''“'•vumiAwsanaintne 

coaxial-line balanced mixer (fig. 8-44), the local 
oscillator must be loosely coupled to the mixer 
m order to prevent an appreciable amount of 
echo-signal power from entering the local 
oscillator circuit. As a result, the local os¬ 
cillator must generate much more power than 
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is actually needed for mixer operation, the 
excess power being dissipated in an impedance¬ 
changing device located in the local-oscillator 
circuit. Because in a hybrid-junction mixer the 
echo-signal and local-oscillator arms are de¬ 
coupled, there is no tendency for echo signals 
to enter the local-oscillator circuit, and hence 
there is no need for loose coupling between local 
oscillator and mixer. A local oscillator with 
relatively low-power output can therefore be 
used, the only power necessary being that which 
is needed to drive the crystals. Actually most 
local oscillators are capable of generating more 
than the minimum power required, so that a 
dissipative attenuator can be inserted in the 
local oscillator in order to insure a matched 
termination for the arm. Such an attenuator is 
desirable, as will be seen later. 

Decoupling between echo-signal and local- 
oscillator arms also means that there is no 
tendency for local-oscillator power to enter 
the echo- signal arm. Rejection of local oscillator 
signal by the echo-signal arm is particularly 
advantageous in systems employing a broadband 
TR device which would allow local-oscillator 
power to pass through and be radiated by the 
antenna. 

Another advantage of the hybrid-junction 
mixer is that its operation is less sensitive to 
differences in the RF impedance of the crystals 
than is the balanced coaxial-line mixer. Because 
the two crystal arms are decoupled, any RF 
power reflected from one crystal cannot reach 
the other crystal. All the reflected power is di¬ 
rected into the echo-signal and local-oscillator 
arms and absorbed by the matched terminations. 
Thus the amount of RF power delivered to one 
crystal is independent of the RF impedance of 
the other. 

If a mismatch should exist in either the echo- 
signal or local-oscillator arm, a reflection of an 
RF signal arriving at the mismatched termina¬ 
tion will occur, and the signal reflected from 
the termination will enter the two crystal arms. 
Under these circumstances, the two crystal arms 
are not completely decoupled. At the echo-signal 
frequency a mismatch in the echo-signal and 
local-oscillator arms in unlikely because in 
general the TR device provides a matched load 
for the echo-signal arm and, as indicated above 
a matching attenuator can normally be inserted 
in the local-oscillator arm. 


In general, if the crystals provide an im¬ 
pedance match at the echo-signal frequency, 
they do not yield a perfect match at the local- 
oscillator frequency. This mismatch is unim¬ 
portant, since the reflected power will be ab¬ 
sorbed in the echo-signal and local-oscillator 
arms. The attenuator in the latter arm serves 
to prevent the returned signal from reacting on 
the oscillator. Should the echo-signal arm not 
provide a matched termination for the returned 
local-oscillator signal, further reflection of the 
signal will occur and the balance of local- 
oscillator power at the crystals will be further 
upset. The effect of such an unbalance is to 
change the conversion gains of the crystals 
slightly, but usually the change is negligib e 
even with moderate amounts of mismatch at e 
local-oscillator frequency. 

Use of the hybrid-junction type of IF input 
circuit shown in figure 8-45 (B) insures sup¬ 
pression of local-oscillator noise despite un¬ 
balance in the IF impedances of the crystals. 
When all entries of the IF hybrid junction are 
terminated in a load that is the conjugate o 
impedance the load faces, the two crystals, c 
stituting one pair of entries, are decoupled ana 
the two resonant circuits, constituting the 0 
pair, are also decoupled. If the resonan - 
entries remain matched, the amount ofJFSjg 
power coupled from one crystal to the ouq> 
terminals is independent even if the IF impedance 
of the other crystal does not match the a j. 
Furthermore, the IF components of noise c 
in the output circuit independently of the IF cry - 
tal impedance as long as the crystals e 
equal IF noise voltage. The IF comp °!!, e , . rnL 
noise appear only across the L'jCSandR ■ 
If crystals are tested for equal conversion g 
while loaded by the conjugate of the I* 
pedance of a typical crystal, equal IF 
voltages can be expected when the crys 
employed in the circuit of figure 8-45. . 

Terminating the IF output entry inama. lge 
load does not in general insure minimum 
figure. Mismatching the output entry ino* 
minimize the noise figure alters the load 
push-pull IF echo signals and thus re JJVJ\ doeg 
echo-signal power delivered to the load 
not alter the load for the IF components of n 
which are applied to T 3 in parallel. Tne ^ 
oscillator noise-suppression property 
mixer is therefore retained. 
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QUIZ 


• The hybrid junction mixers 

a- cancel local oscillator noise completely 

b. reinforce the IF 

c. provide better signal-to-noise ratio 

d. are more fragile than other types 

1 The mixer stage of a radar receiver is a 

a. germanium crystal 

b. quartz crystal 

c. vacuum tube 

d. linear device 

RF amplification of the received signal, 
prior to application to the crystal mixer, 
is not feasible because of the 

a. instability of the magnetron 

b. instability of the klystron 

c. instability of the automatic frequency 
control circuit 

d. inherent noise characteristics of mi¬ 
crowave amplifiers 

In a magnetron, electrons set up RF os¬ 
cillations in the cavities by 

a. entering all cavities in equal amounts 
and at equal speeds 

b. entering alternate cavities at different 
speeds 

c. oscillating in all cavities equally 

d. grazing the cavity openings and re¬ 
turning to the cathode 

The consumption of power due to the transit 
time of a tube, which occupies an appreci¬ 
able portion of the input signal, is effectively 
the same as adding 

a. a resistance between grid and cathode 

b. a resistance between plate and cathode 

c. a resistance between plate and grid 

d. none of the above 

The method by which the magnetron sustains 
its oscillations is the 

a. electrons giving up energy to the d-c 
field 

b. electrons giving up energy to the RF 
field 

c. electrons giving up energy to the mag¬ 
netic field 

d. stopping of the electrons by the tube’s 
plate 

rhe purpose of using balanced mixers in a 
:adar receiver (fig. 8-44) is to 

a. balance out the frequency variations of 
the received signal 

b. balance out noise caused by the local 
oscillator 

c. average the frequency variations of the 
received signal 

d. prevent noise generation by the local 
oscillator 


8. Crystal current is adjusted to its optimum 
value by 

a. a resistive disk-type attenuator 

b. local-oscillator tuning 

c. local-oscillator coupling 

d. a lossy cable 

9. In the lighthouse oscillator, the oscillator 
frequency is 

a. above the resonant frequency of the 
plate tank 

b. below the resonant frequency of the 
cathode tank 

c. same as the resonant frequency of the 
plate tank 

d. below the resonant frequency of the 
plate tank 

10. The most common type of magnetron used 
today is the 

a. traveling-wave or resonant cavity type 

b. split-anode electron resonance type 

c. split-anode negative resistance type 

d. double split-anode type 

11. In the IT mode of operation, a magnetron is 
operating at 

a. greatest efficiency and power output 

b. greatest efficiency, but low power out¬ 
put 

c. greatest power output, but low effici¬ 
ency 

d. low efficiency and power output 

12. Klystrons can be tuned 

a. electronically with the buncher grids 

b. electronically with the repeller voltage 

c. changing the distance from plate to 
cathode 

d. only at the factory 

13. The grid and plate tanks of the tuned-grid 
tuned-cathode oscillator are tuned 

a. above the oscillator frequency 

b. below the oscillator frequency 

c. to the oscillator frequency 

d. to resonance 

• 

14. The lead inductance which produces degen¬ 
eration at VHF and UHF operation is 

a. plate-lead inductance 

b. grid-lead inductance 

c. cathode-lead inductance 

d. all of the above 

15. The cavities of a traveling-wave type of 
magnetron are connected so that they ap¬ 
pear to the output as 

a. series connected 

b. series, parallel connected 

c. separate outputs 

d. parallel connected 
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16. Straps are used in a magnetron to 

a. remove power from the cavities 

b. increase frequency stability 

c. decrease the coupling between cavities 

d. excite additional modes of operation 

17. The local oscillator in a radar receiver is 
caused to vary in frequency because 

a. the magnetron varies in frequency 

b. frequency modulation is necessary for 
reception of the reflected signal 

c. the intermediate frequency must be 
caused to sweep a relatively wide band 

d. the magnetron must be caused to vary 
in frequency 

18. A klystron has 

a. one mode of operation 

b. two possible modes of operation 

c. three or more modes of operation 

d. only one mode of operation for each 
frequency 

19* When the cavity grids of a klystron are ad¬ 
justed to be closer together, the 

a. cavity size is made smaller and fre¬ 
quency increases 

b. cavity size is made smaller and fre¬ 
quency decreases 

c. capacity between the grids increases 
and frequency increases 

d. capacity between the grids decreases 
and frequency decreases 


20. The RF equivalent of the ultraudion oscil¬ 
lator is that of a/an 

a. Hartley oscillator 

b. Armstrong oscillator 

c. Colpitts oscillator 

d. Butler oscillator 

21. One of the functions of a radar modulator 
is that it 

a. selects the timing sequence of the radar 

b. contains all the timing circuits of the 
radar 

c. determines the waveform of the output 

pulse of the magnetron 

d. supplies normally a positive pulse tot e 

magnetron 

22. For best operation of balanced mixers 

a. both crystals should be matched 

b. it makes no difference as to the ma c 

c. both crystal currents should be equ 

d. both crystals should have the same Ki 
impedance 

23. To increase feedback in the tuned-grid 
tuned-cathode oscillator you would tune 
cathode tank 

a. more capacitive 

b. less capacitive 

c. inductive 

d. resistive 
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UHF AND MICROWAVE ANTENNAS 


The frequencies which are included in the 
UHF and microwave ranges extend from 225 
megacycles to approximately 30,000 mega¬ 
cycles. These frequencies are divided into 
bands and are identified by the letters P, L, S, 
X, and K. The following table shows the ap¬ 
proximate frequency range for each band and 
its letter designator: 

P—225 to 390 me. 

L—390 to 1,650 me. 

S— 1,650 to 5,200 me. 

X—5,200 to 10,900 me. 

K—10,900 to 33,000 me. 

The UHF range is included in the fre¬ 
quencies of the L and P bands; and the micro¬ 
wave range is included in the S, X, and K bands. 
Fhe S and X bands are frequently referred to by 
vavelength instead of frequency. Since the S 
>and is centered around the wavelength of 10 
:m., it is referred to as the 10-cm. band, like¬ 
wise the X band is referred to as the 3-cm. 
and. It is important to distinguish between 
JHF and microwave equipments since they 
ossess many characteristics that differ be- 
ause of their frequency of operation. 

The fundamental principles of antennas for 
se at UHF and microwave ranges are the same 
s those for use at lower frequencies. These 
rinciples have been covered in the Navy Train- 
ig Course, Basic Electronics, NavPers 10087, 
id will not be included in this chapter. It is 
ivisable that you become thoroughly familiar 
ith the material in the basic course, for with- 
it such information you will most probably ex- 
jrience a great deal of difficulty in understand- 
g this chapter. 

The major purpose of a transmitting antenna 
to convert the transmitter's RF power into 
diated energy as efficiently as possible, and the 
ajor purpose of a receiving antenna is to absorb 
much of this radiated energy as possible, 
order to increase the effectiveness of the an- 
ma system, several elements are often com¬ 


bined to form an ARRAY. The antenna array 
used will be determined by the requirements 
of the equipment and the particular purpose of 
the transmission. UHF directive arrays con¬ 
taining several parasitic elements may be built 
into a very small space. Likewise, directive 
arrays with parabolic and horn-type reflectors 
which would be too bulky for use at the lower 
frequencies become very practical at micro- 
wavelefigths because of their small physical size. 

Some of the antennas described in this 
chapter are no longer used on naval aircraft. 
However, their theory of operation is still sound, 
and most of the terms peculiar to antenna 
theory still apply. The theory of the older an¬ 
tennas is excellent background leading to the 
theory of present-day types, and is included for 
this purpose. Also, much of this theory applies 
to antennas used with television. 

Antenna Arrays 

DRIVEN ARRAYS 

The driven array consists of two or more 
elements with all elements connected to the 
generator. They may be divided into three 
basic types-the broadside array, the end-fire 
array, and the collinear array. 


Broadside Array 

When two half-wave elements are placed 
one-half wave apart, parallel to each other and 
excited in phase, most of the radiation takes 
place in a direction perpendicular to a plane 
through the elements. The arrangement and 
radiation pattern of a broadside array are shown 
in figure 9-1. In it, the radiation pattern is 
shown in solid lines. Increasing the number of 
elements makes the pattern more directional 
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Figure 9-1. —Broadside array. 


This increased directivity is shown by the dotted 
lines. 


End-Fire Array 

When two elements are spaced a certain 
fraction of a wavelength apart and are excited 
out of phase by the same fraction of a cycle, 
the radiation is directional in the plane of the 
array and perpendicular to the elements. It is 
directional from the end of the array that has 
the most lagging current. If the spacing in an 
end-fire array, for example, is a half wave¬ 
length, the two elements are excited a half cycle 
or 180 degrees out of phase. This causes the 
bidirectional pattern shown in figure 9-2. A 
unidirectional cardioid pattern can be obtained 
with a quarter wavelength spacing and a quarter 
cycle (90 degrees) phase difference in excitation. 



Figure 9-2. -End-fire array. 


Collinear Array 

A collinear array is formed when two half¬ 
wave elements are placed end to end and excited 
in phase. In a collinear array there is no di¬ 


rectivity in the plane perpendicular to the an¬ 
tenna, but there is a sharp pattern in any plane 
containing the antenna. As with any of the other 
arrays, increasing the number of half-wave ele¬ 
ments increases the directivity of the pattern. 
This array is shown in figure 9-3. 



EXCITATION N PHASE 



Parasitic Arrays 


A parasitic array is an antenna systemw 

consists of two or more elements in whic 1 
one of the elements is driven. The oi \* T * ! J 
ment (or elements) is excited by induct!ion 

radiation fields which are produced by the dr w 

element. With parasitic arrays it is possib 
obtain highly directional patterns. T e 
in a parasitic array is analogous to the 
in a transformer in which the primary i 
current in the secondary and the curren 
secondary produces a magnetic fie » ' 

in turn, induces current back into the pr • 
The phase relationship between ele | Tien . 
array varies according to the spacing 
elements. The elements are usually sp 
appreciable part of a wavelength apar • ^ 

In a two-element parasitic a rra y» . j 
(A) of figure 9-4, the driven element 
is cut at the center for connecting 
pedance feed line. The length of the dr ^ 
ment is a half wavelength. This m ^ 
self resonant. The parasitic elemen ca . 
reflector is located 15 percent of a wa ^ 
in space from the driven element. t 

5 percent longer than the driven 

Another diagram, (A) of the arra y 

the phase relationships in the P aras * ts the 
vectorially. Vector i^, which repr ^ 
current in the driven element, is * n P t cU t$ 
the H-field. The part of the H '* iel ..- hlea ve8 
the parasitic element lags the field which to 
the driven element by 0.15 of a cycle. ^ 
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the time lapse during the travel between ele¬ 
ments.) The lag is equivalent to 54 degrees. 
The flux at the reflector is shown by vector 
*• It lags ij by 54 degrees. The voltage induced 
by the field is 90 degrees out of phase with the 
field. This voltage is represented by the vector 
Ep. If the parasitic element were resonant, the 
current in it would be in phase with Ep, but the 
reflector is longer than the resonant half wave¬ 
length. A long antenna is inductive and the cur¬ 
rent in this element will lag the voltage by 36 
degrees if it is approximately 5 percent longer. 
The radiated field will be in phase with this 
current. Li summary, the field starting out from 
■he parasitic element will be 180 degrees out of 
3hase with the field leaving the driven element. 

If the polar diagram for two elements spaced 
).15 wavelength apart and excited out of phase 
s plotted, the curve shown in (A) results. This 
jhows that most of the radiation is on the side 
>f the driven element which is away from the 
•arasitic element, while very little occurs on the 
lide of the reflector. 

Another point is that the field passing from 
lie reflector cuts the antenna (driven element) 
nd induces a voltage in it. This voltage 
hanges the input current. The input impedance, 
r hich is a function of this current, is about 50 
hms as compared to 73 ohms for the antenna 
Lone. 

A parasitic element becomes a director when 
is made shorter than the antenna element, hi 
director most of the energy is sent in a direc- 
on from the antenna element to the parasitic 
ement. To see what takes place note the 
idiation pattern and the arrangement of the 
•ray in the diagram in (B) of figure 9-4. The 
rector is usually about 5 percent shorter and 
•out 0.1 wavelength from the antenna. Some- 
nes the impedance is reduced to 20 ohms at 
e driven element in this array. 

Several parasitic elements can be used in 
njunction with a driven antenna to increase 
rther the directivity and power gain. The 
ioretical power gain of directional antenna 
rays composed of an excited element and vari- 
s numbers of parasitic elements is as fol- 
vs: 

JUMBER OF ELEMENTS POWER GAIN 

2 2.5 (4.0 db) 

3 3.6 (5.6 db) 

4 5.0 (7.0 db) 

5 6.4 (8.1 db) 


Notice the element array called aYagi 
tenna in (C) of figure 9-4 . to AHm> 
driven element is insulated, but the refle _ 
and all directors are welded to a piece of tubing 
which runs parallel to the direction of 
tion. The beam width of this array is about iv 
degrees. The four-element Yagi shown in (D) is 
constructed similarly to the one in (C) and has a 
beam width of about 50 degrees. 

The conventional method for describing the 
directivity of an antenna array is in terms either 
of the ratio of the power in the best lobe to the 
power radiated by a simple half-wave antenna 
(antenna gain), or the ratio of the power in 
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PHASE RELATIONSHIPS 


POLAR DIAGRAM 


PARASITE ELEMENT 


(a) ANTEFTIA WITH REFLECTOR 


( •) ANT*f*JA AND DIRECTOR 



(C) 7 ELEMENTS VAGI 


(D> 4 ELEMENTS YAGI 


Figure 9-4. -Parasitic array. 
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Figure 9-5. -Relative power gains of para¬ 
sitic arrays for different reflector 
and director spacings. 

the direction of the best lobe to the power 
in the opposite direction (front-to-back ratio). 
The direction of the best lobe is usually called 
FORWARD direction, while that in the opposite 
is called the BACKWARD direction. In other 
words, this ratio is the power in the forward 
field to the power in the backward field. For 
example, the front-to-back ratio of the antenna 
array illustrated in (B) of figure 9-4 is about 
5:1. In decibels, this represents approximately 
a 7-db gain. The ratio between forward power 
and power from a single half-wave antenna is 
about 4 db. 

Figure 9-5 shows the effect of the element 
spacing on the power gain of an array as com¬ 
pared to the field strength of a half-wave antenna 
alone. Curve A shows the power gain for director 
spacings in wavelengths between a half-wave 
director and the driven half-wave radiator. 
Curve B shows the power gain for half-wave 
reflector spacings between the reflector and the 
driven half-wave radiator. 

The graph shows that when a single parasitic 
element is used, there is little difference in the 
gain of the array if the parasitic element em¬ 
ployed is used either as a reflector or as a 
director. When the parasitic element is tuned 
to work as a reflector, the spacing which gives 
maximum gain is about 0.15 wavelength and 
this maximum gain peak is fairly broad. The 
director will give slightly more gain than the 
reflector, but the difference between the two is 
less than 0.5 db. Consequently, on the basis of 
gain, there is little choice between the two types 
of operation. The broader curve of the reflector 
does offer a distinct advantage in that the spacing 


is less critical. Similarly, a small error in re¬ 
flector spacing will reduce the gain of the am, 
less than a same spacing error in a director 
tvoe array. For this reason, when a single 
element is used, the array is usually a reflector 

^Comparisons between the more directive 
tvDes of arrays are made in terms of the beam 
angle. This angle is the angle between halt- 
power points in the main lobe (radiation cnrw. 

In arrays the half-power pointsJ^ftohs « 
where the electric field strength (volts per 
meter) is 0.707 as great as that along the an 
of the beam. Figure 9-6 shows the beama^e 
for a radiation pattern. In this Uhwtrat. ^ 
angle between points A and B, or ’ 

ts the beam angle. At each of these pomtstte 

signal strength is 0.707 

value as d at <Vthus ftese points are also too™ 

aS KSEffo-ys the input imped*. 

drops as low as 15 ohms. In 
cial matching devices are needed forrawm 
this low impedance to the J^ghe P 
most RF lines. One method tar « 
match is to use the Delta m ^^ e ^ t isto 
which the end of the transmission laeO* 
be connected to the antenna P T he gectioo 
(fanned out) before being c^cted. Th 
of the line that is spread apart has^ 

tinuously increasing character _ diator greases 

The impedance of a half-wave radiator inc 

W—BEAM ANGLE—>/ # 
20° 15° IO* 5* 0*_5* 10* if 



Figure 9-6. -Beam angle and half¬ 
power points. 
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STR£A*UN£D INSULATING' 
BULLARD 


l (((MINTS VAGI USING fOUXO WKHl 


TWO-WIt! SHKLCXO CA»L[ 


Folded Dipole 


Figure 9-7. —Folded dipole. 


from 73 ohms in the center to about 2,500 ohms 
at the ends. Thus, the impedance at any point 
Is determined by the distance from the center. 
Two points can be found on the radiator where 
!he impedance equals that of the fanned section 
5f the transmission line. The connections are 
nade at these points. Another method, the one 
nost often employed, uses the folded dipole as 
jhown in figure 9-7. 

A folded dipole is a full wavelength conductor 
rhich is folded to form a half-wave element. A 
>etter description is that it consists of a pair of 
alf-wave elements connected together at the 
nds. In it the voltage at the ends of each ele- 
aent must be the same. In operation, the field 
rom the driven element induces a current in the 
econd element. This current is the SAME as the 
urrent in the driven element. 

An ordinary dipole with a given current, I, 
roduces a certain field intensity in space. Due 
> this field, there is also a certain power den- 
ty per square meter in space. This power 
msity is produced by the input power, P. The 
slationship between the input resistance, the 
irrent, and the input power is expressed bv the 
luation, 

R =$ 

With the folded dipole, the same current, I, 
ists at the input terminals; but this same cur¬ 
at flows in both sections of the antenna, and 
frequently, the field strength in space is 
ibled. This causes the power density per 
Jare meter to increase to four times the 


previous value when the CURRENT AT THE IN¬ 
PUT REMAINS UNCHANGED. In turn the input 
power must be four times as great. In this case, 
to balance the equation, it is necessary to multi¬ 
ply R by 4 as follows: 


£-« 


So long as each section of a dipole has the 
same diameter, the input resistance is four times 
that of the simple half-wave dipole. Increasing 
the diameter of one section makes the increase 
in impedance still greater. The input impedance 
to the driven element of a parasitic array drops 
to about a fourth of the value of the coaxial 
cable impedance, but the use of a folded dipole 
increases the impedance by about four times In 
this way a good impedance match is effected. 

INTERCONNECTION OF ELEMENTS IN 
ARRAYS 

There are a variety of ways to connect the 
elements in an antenna array to obtain the re 
quired phase of excitation. The most convenient 
method to change the phase from one element to 
another element when they are a half wave apart 
is with an RF line. In the broadside array shown 
in (A) of figure 9-8, one element is excited di¬ 
rectly from the transmitter. This element is 
connected to the other element by a half wavp 
length of RF line. The phase of the voltlge" 
along the RF line is shifted 180 degrees per 
each half wavelength. The leads to the second 
driven element are reversed. This causes a 
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reversal of polarity similar to that resulting 
from another 180-degree phase shift. The second 
element is then excited in the same phase as 
the first. 

It is possible to connect any number of ele¬ 
ments in this manner. In addition, increasing 
the number of elements makes the array more 
directional. 




(c) COUINEAR ARRAY 

Figure 9-8. -Connecting half-wave elements 
to obtain proper phase relationship. 


In the end-fire array in (B) of figure 9-8, 
the elements are also interconnected with RF 
lines. But instead of reversing the leads to the 
elements, they are connected directly to take 
advantage of the phase shift. With half-wave 
spacing, the interconnecting line will be a half 
wave long and provide a 180-degree phase shift. 

If quarter-wave spacing is used, the inter¬ 
connecting line will be a quarter wave long. 
This arrangement produces a 90-degree shift. 

The usual method for providing the correct 
phase in a collinear array is shown in (C) of 
figure 9-8. Since the current direction changes 
for each half wavelength of an antenna, it is not 
possible to connect the half-wave sections to¬ 
gether directly. Instead, the half-wave sect on 
which carries the current in the wrong direction 
is folded to form a quarter-wave section of Kt 
line. This brings together the ends of tne 
sections in which current flows in the same - 
rection. In other words, in terms of voltage i 
is necessary that the two antenna sections have 
voltages which are opposite polarity at the ope 
end. Further, note how the line to the tr ans 

is connected in (C). The connection is ma 

point of very high impedance. Thisrequir 
use of a resonant line. H, however, 
resonant line is to be used, it must 
nected as shown by the dotted lines. In 
gram the connections near the closed en _ 
quarter-wave section is a point of low impeoant 

THE PARABOLIC REFLECTOR 

When a multielement broadside arr ^J i ®!! 
cited, the E-field which exists infrontaixne 
tenna will be in a single plane, as shown 
figure 9-9, rather than in an arc as » 
in a single half-wave element. The 1 & 

dimensions of this plane in ter ms of wavele^ 

the greater is the directivity of the ante 
tern, and the narrower the radia ® arra y 

Although a multielement broads ^ 

gives good results, it is quite con *P ^, iven 
structure. In it every element must 
and all spacings and dimensions mus ^ 
exact. A much simpler device for pr°d &^ 

electric field in a single plane is the P ^ 
reflector. As shown in (B) of fi£ ur8 'J^ie 
parabola has its focal point at F. « tg a 
antenna is placed at F and caused to r ^ 
field, the electric field will leave the ante , 

all directions at the same rate in tne a 

an onn oo 4 n /K/.n«n/l nOint A. AS S'* 
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Figure 9-9. —Directional radiation by means of reflectors. 


the wavefront reaches the reflecting surface, 
is shifted 180 degrees in phase and sent 
tward at an angle of reflection that is equal 
the angle of incidence. All parts of the field 
11 arrive at line BB ? at the same time after 
■lection because all paths from F, to the 
lector, to line BB f are equal in length. Thus, 
1 see that with only one antenna and a 
^cially shaped reflector, it is possible to 
i ce a lar ge electric field in a single plane, 
-looking at it another way, all parts of the 
d travel in parallel paths after reflection from 
parabola in such a way that the rays are 
used like the headlight beam from an auto- 
bile. 

Like the broadside array, high directivity is 
obtained until the diameter of the parabolic 
^ctor is made many wavelengths long. This 
, its the use of the parabolic reflector at 
requencies, but for three-centimeter and 
■centimeter radar equipment these reflectors 
very practical. 

fo figure 9-10, showing the exciting antenna 
a parabohc reflector, the half-wave dipole is 
nted a quarter wave back from the short on 
coaxial line. To sharpen the focal point the 
nna is physically less than a half wave long, 
ver, the balls at the end make it electrically 
wave long. This broadens the band of 


HIGH REFLECTION INNER 



WITH SPHERES AT ENDS 

Figure 9-10. -Dipole for ex¬ 
citing parabolic reflector in 
10-cm. system. 

frequencies it will handle. The airtight cylinder 
in which the antenna is enclosed permits the 
coaxial line to be pressurized. The inner sur¬ 
face of half the cylinder, that is, the side away 
from the parabolic reflector, is coated with a 
reflecting foil. This reflecting surface directs 
energy from that side of the antenna into the 
large reflector. Without this reflector half of 
the antenna radiation would be nondirectional. 

The natural directivity of a dipole causes the 
pattern from a parabolic reflector to be some¬ 
what sharper in the plane containing the dipole 
than in the other plane. For this reason, the 
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dipole is erected horizontally for maximum azi¬ 
muth accuracy in radar systems. If vertical 
accuracy is of primary importance, the dipole 
is mounted vertically. 

Other methods of preventing the direct for¬ 
ward radiation use a parasitic reflector with 
the half-wave dipole, and a disk which is placed 
in front of the dipole. 

When a waveguide is used in the RF system, 
it is possible to send the energy into the para¬ 
bolic reflector with a horn radiator. In this 
case an orangepeel reflector, or section of a 
complete circular paraboloid may be used as the 
reflector. The feed is by a waveguide and a 
horn-type radiator. The horn-type radiator and 
orangepeel parabola are constructed in such 
manner that the radiation pattern of the horn is 
such that almost all of the energy that it radiates 
is intercepted and reflected by the reflector. This 
arrangement is highly directive in the vertical 
plane and is used principally to determine the 
altitude of airplanes. 


Cosecant-Squared Reflectors 

In airborne radar sets that are designed for 
use in scanning a large area, a special beam 
shape is required. This is shown in figure 9-11. 
The beam should be narrow in the horizontal 
plane but broad in the vertical plane. 

In addition, the particular section of the area 
that is being scanned must not be uniformly il¬ 
luminated by the radar beam. Instead, the objects 
near the aircraft should be illuminated by a 
relatively smaller amount of power than those 


farther away in the same sector. This is re¬ 
quired because echo signals from nearby objects 
will be strong due to their closeness to the plane. 
On the other hand, a greater amount of power 
should fall on more distant objects in this sector 
since they would normally produce the weakest 
echoes. Thus, the radiated fieldproducedbythe 
beam should increase in intensity at greater dis¬ 
tances. Or, in other words, the field intensity 
should vary as the cosecant of the angle between 
the horizontal line of the plane and a line drawn 
between the aircraft and a given point on the 
ground. Since power varies as the square of the 
field intensity, then the required power pattern 
must be a cosecant-squared pattern. 

A common method used to obtain such a pat¬ 
tern is to use a special parabolic reflector in 
which the top portion is bent forward in order o 
produce the required pattern. Such a reflector 
is shown in figure 9-11 along with the radiation 
pattern produced. 

Another type of reflector is shown in figure 
9-12. This reflector differs from the one just 
discussed in that it is capable of producing either 
a pencil type (narrow beam both vertically an 
horizontally) or a cosecant-squared pattern. 
Mounted on the reflector is a rod grating, 
roughly shaped in the form of a barrel stave, 
which is polarized and acts as a spoiler to deform 

the pencil-beam pattern into an equal-energy re¬ 
turn (cosecant-squared) pattern. The choice 
pattern desired may be obtained by rotating 
entire reflector and grating 90 degrees by me 
of a beam-pattern-change motor and gear r 
so that, in the position where the spoiler is n 
reflective, a pencil-beam pattern is produc , 



Figure 9-11.-Cosecant-squared antenna and pattern. 
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Figure 9-12. — Parobolic antenna with 
spoiler. 




PHYSICAL CONSTRUCTION 



MOUNTING OF 400 MC ANTENNAS ON PURSUIT PLANE 

Figure 9-13. - A UHF antenna. 


i in the position where the spoiler is re¬ 
live, a narrow, blade-like, equal-energy- 
irn pattern results. 

Some reflectors of this type are equipped 
a solid spoiler that is hinged to the upper 
of the paraboloid. The desired pattern 


may be obtained by causing this spoiler to tilt 
out of the reflector to a position where the 
cosecant-squared pattern is produced. In the 
retracted position the spoiler is flushed with 
the surface of the paraboloid and a pencil beam 
is produced. 


Typical Airborne Antennas 


A UHF BROADBAND ANTENNA 

^ typical example of a directional UHF an- 
a s y st em is shown in figure 9-13. This 
has been used with both frequency modu- 
n and pulsed radar altimeters which re¬ 
ed a wide-band characteristic. As you can 
e antenna is a half-wave dipole con- 
cted of a large diameter tube which is di- 
3 at the middle and mounted in the slip- 
im ' As it must be able to withstand air 


pressures at high speeds, it is streamlined by 
rounding at the ends. It is rigidly mounted on 
a pair of brass tube supports. Each tube is 
exactly equal to a quarter wavelength and is 
welded to a plate that mounts on the aircraft. 
Together, the tubes form a quarter-wave section 
which is shorted at the mount end and is open 
at the antenna end. Each half of the antenna 
connects to a part of the leg of this quarter- 
wave section. The entire antenna is perfectly 
insulated by a quarter-wave metallic insulator. 
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ANTENNA POLAR DIAGRAM 


Figure 9-14. — 400-mc. antenna dimensions 
and polar diagrams. 

The entire section is connected electrically 
to the antenna through a coaxial cable. One of 
the tubes supporting the antenna is the outer 
conductor for the coaxial cable. A wire through 
the center of this tube starts from a coaxial 
connector at the mounting plate and ends at the 
opposite half of the antenna. Because of the 
split sections, a bakelite rod inside the antenna 
tubing is used to give the antenna mechanical 
strength. The half sections are insulated from 
one another by a ceramic bushing. 

In an installation of this type two antennas are 
employed-one for transmitting and the other for 
receiving. Usually each is mounted under a wing. 
Usually the part of the aircraft which is located 
between the antennas serves to attenuate any di¬ 
rect signal radiation between them. If this ar¬ 
rangement is not possible, the antennas are 
mounted end to end along the bottom of the 
fuselage. Since a half-wave dipole has very 
little radiation off the ends, the receiving an¬ 
tenna is still isolated from the transmitting 
antenna. The signal desired is the one that 

goes from the transmitting antenna to the earth's 

surface and then returns to the receiving antenna 
Each antenna is mounted a quarter wavelength 
from the metal skin of the airplane. The image 
antenna in the skin is a half wave from the real 
antenna and parasitically excited out of phase 
This produces a virtual two-element end-fire 


array. Since no radiation fields go through the 
skin, all radiation is directed downward in a 
somewhat narrow lobe, as you can see in the 

side and front view of the radiation pattern shown 

in figure 9-14. The large diameter of the antenna 
itself makes it broadly resonant and causes its 
characteristics to be fairly uniform over the l 
40-me. bandwidth of the equipment. 

Another factor that adds to its uniform re¬ 
sponse over a wide band is its method of support; 
this support is a shorted quarter-wave sectionof 
transmission line. Since the antenna acts the 
same as an open quarter-wave section of trans¬ 
mission line, as the frequency increases the 
antenna becomes inductive and the support wii 

be capacitative, thus, tending to keep the antenna 

resonant. As the frequency decreases the an¬ 
tenna becomes capacitative and the support will 
be inductive; this also tends to keep the antenna 
resonant. 

SLEEVE ANTENNA I 

The sleeve or coaxial antenna is a vertical 
omnidirectional antenna developed to mini 
the radiation from the feed line. One type 
coaxial radiator is one-half wavelength long, 
top half is a thin whip or rod, and the 'do 
half is a comparatively large hollow metal 
or cylinder. The coaxial feed line is r 
through the sleeve radiator or cylinder, 
shown in (A) of figure 9-15. The cen !? r w hin 
ductor of the coaxial line connects to the 
radiator and the outer conductor COT ®®5 
the sleeve radiator. Since there is no Hi 
within the 'sleeve, interaction between the r 
ator and the coaxial line is minimized. 

The section of transmission line within ^ 
sleeve acts in conjunction with the slcev 
form a short-circuited concentric line 
has an extremely high impedance acr0 . . 
open end. This high-Q parallel-resoinant 
cuit minimizes coupling between the 
radiator and the transmission line or 
supporting mast. Although the sleeve ene 
decouples the section of line within it * r 
sleeve radiator itself as well as from the P 
radiator, there will still be some coupung 
tween radiators and the section of the ^ 
mission line or mast immediately bel ° tion 
sleeve. This coupling causes some ra 
from the vertical portions of the line ^ 

mast and, as a result, some power is ^ 

in high-angle radiation. Radiation c 
eliminated from the feeder and mast by P 
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Figure 9-15.—Sleeve antenna. 


quarter-wave detuning sleeve below the sleeve 
Viator as shown in (B) of figure 9-15. The 
tuning sleeve is mounted with its open end 
ang upward one-quarter wavelength below 
3 bottom of the sleeve radiator. Its closed 
u is connected to the mast, or to the outer 
nductor of the coaxial feed line. 

Inasmuch as the coaxial antenna is effectively 
vertical, center-fed, half-wave radiator, its 
ater impedance is approximately 70 ohms. A 

’♦h line P r0vides the most efficient 

ten, but lines up to 120 ohms can be used 
hout serious mismatch. It is possible to 
tntain a uniform impedance over a larger 

quency band by increasing the diameter of the 
ole. 

The optimum sleeve length usually runs from 
o to 1.04 of a free-space quarter wavelength, 
i optimum length for the whip radiator varies 
m about 0.94 to 0.96 of a quarter wavelength. 


GROUND-PLANE ANTENNA 

pi V !fu tiCal q uar ter-wave antenna several 
above 8^°und produces a high angle 
^adiation which is very undesirable at the 
1 311(1 uMra high frequencies. The most 

mon means of producing a low angle of 
ation from such an antenna is to work the 


radiator against a simulated ground called a 
GROUND PLANE. A simulated ground may be 
made from a large metal sheet or several wires 
or rods radiating from the base of the radiator. 
An antenna so constructed is known as a 
GROUND-PLANE ANTENNA. 

Several types of ground-plane antennas are 
shown in figure 9-16. The radius of the ground 
sheet or the length of the rods used should be 
one-quarter wavelength or longer. The function 
of a ground plane corresponds to that of a coun¬ 
terpoise used with low-frequency vertical anten¬ 
nas. 


This type antenna is frequently used with VHF 
and UHF communications equipment in aircraft. 
The skin of the aircraft serves as the ground 
plane. When this type antenna is used with a 
ground installation, it is necessary to employ a 
ground plane as illustrated in figure 9-16. With¬ 
out the use of a ground plane it will be impossible 
to obtain proper loading and efficient radiation. 

Since there are no ordinary transmission 
lines having a characteristic impedance low 
enough to permit a direct connection to the 20- 
to 36 ohm impedance of the ground-plane antenna, 
it is necessary to use a quarter-wave matching 
section to obtain an acceptable match. 

If it is desired to avoid the use of a matching 
section with its accompanying power losses and 
bandwidth limitations, the radials can be ar¬ 
ranged to slope downward in the manner of an; 
inverted cone as shown in (C) of figure 9-16. 
The impedance increases as the angle between 
the radials and the horizontal plane increases. 
This method can be used to secure a suitable 
match to a 52-ohm transmission line. The 
impedance can be increased further to match a 
72-ohm line by bending the radials down parallel 
to the transmission line or supporting shaft as 
shown in (D). 

An ultrahigh frequency, streamlined blade, 
broadband antenna for general-purpose use 
over the range of 225 to 400 megacycles per 
second is shown in figure 9-17. This antenna 
consists essentially of a near quarter-wave 
stub, fed through a matching section within the 
base. It is designed for mounting upon the ex¬ 
terior skin of an airplane. The antenna is 
streamlined for high speeds. Its cross sections 
take the form of ellipses on the leading half of 
the body and of parabolas on the trailing half. 
The resulting form has a minimum drag effect. 
The antenna is designed to withstand pressures 
resulting from airspeeds up to 600 miles per 
hour. 
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ineamenna is one self-contained unit , 
up of three sections all securely fastenec 

maSr of ^ baSe section and radiating tij 
made of aluminum, the central section 

molded resin reinforced with glass fiber* 
accessories are required other than tho& 
mounting and connecting. The radiating ele 
is a solid aluminum casting with an inner c 
shaped nipple curving down to the feed p 


A single broadband antenna of this type 

be connected to two or more pieces of equip® 

that operate on different frequencies. 

limiting factor is that the equipments 

operate within the frequency range of the an¬ 
tenna. When this is done, it is necessary to 
band-pass filters in series with the an e 
cables. These filters provide the attenua 
that is necessary in order to isolate thevar 
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power handling capacity of each filter is usually 
over 700 watts peak power in the pass band, the 
average power capacity being about 100 watts 
depending on the frequency. 

The antenna shown in (A) of figure 9-17 
could be used with a UHF transceiver and a 
UHF homing receiver at the same time. 


SLOT ANTENNA 

The slot antenna consists of a radiator 
formed by cutting a narrow slot in a large metal 
surface. Such an antenna is shown in figure 
9-18. The slot length is a half wave while the 
width is a small fraction of a wavelength. Such 
an antenna is frequently compared to a con¬ 
ventional half-wave dipole consisting of two flat 
metal strips whose sizes are such that they 
would just fit into the slot cut out of the large 
metal sheet. This comparison is made since 
the radiation pattern produced by the slot an¬ 
tenna when cut into an infinitely large metal 
sheet and that of the complementary dipole an¬ 


tenna are the same. 

It is of interest to note two important dif¬ 
ferences between the slot antenna and its com¬ 
plementary antenna. First, the electric and 



(B) 


Figure 9-17.—UHF blade antenna. 

pments that are connected to the single an- 
a. A filter of this type is shown in figure 
' (B). 

n hese filters consist of lumped constants, 
>, and capacitors and are designed to have 
1 or less insertion loss in the pass bands, 
attenuation in the bands varies from 25 db 
ter 80 db depending on the frequency. The 


-- 2 - 

0 

COMPLEMENTARY DIPOLE 

Figure 9-18.—Slot and complementary 
dipole antenna. 
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of the dipole antenna shown, the electric lines 
are horizontal while the magnetic lines form 
loops in the vertical plane. With the slot an¬ 
tenna, the megnetic lines are horizontal and the 
electric lines are vertical. These electric lines 
are built up across the narrow dimension of the 
slot. As a result, the polarization of the radia¬ 
tion produced by a horizontal slot is vertical. 
If a vertical slot is used, the polarization is 
horizontal. 

A second difference between the slot antenna 
and its complementary dipole is that the direction 
of the lines of electric and magnetic force re¬ 
verse abruptly from one side of the metal sheet 
to the other. In the case of the dipole, the elec¬ 
tric lines have the same general direction while 
the magnetic lines form continuous closed loops. 

When energy is applied to the slot antenna, 
currents flow in the metal sheet. These cur¬ 
rents are not confined to the edges of the slot 
but rather spread out over the sheet. Radiation 
then takes place from both sides of the sheet. 

A coaxial line is frequently used to feed the 
slot antenna. The outer conductor of the feed 
line is bonded to the metal sheet while the inner 
conductor is connected to the opposite side of 
the slot as shown in figure 9-19. Note that the 
coaxial line is not connected at the center of the 
slot length since a severe impedance mismatch 
would occur. 

The impedance at the center of a slot whose 
electrical length is a half wave is 530 ohms. 
This impedance is reduced to a lower value as 



Figure 9-19.-Feeding slot antennas. 


the input connection is moved toward the end of 
the slot. At a point about one-twentieth of a 
wavelength from either end, the input impedance 
falls to about 50 ohms. A coaxial line may then 
be connected here without serious mismatch. The 
slot length may be increased to a full wave if 
it is desired to connect the coaxial line to the 
center of the slot. With a full-wave slot, the 
input impedance at the center of the slot is 50 

0hm Frequently, it is desired to produce radiation 

from only one side of the metal sheet in which 
the slot is cut. This is conveniently arranged 
by boxing in the slot with a section of waveguide. 
If the depth of the waveguide is a quarter wave 
(fig. 9-20), then the waveguide will introduce no 
reactance. Under these conditions, the input 
impedance at the center of the slot is about 
1,000 ohms and the impedance at a point ao 
one-twentieth of a wavelength from either en 


is about 100 ohms. 




WAVEGUIDE - FED SLOT ANitr*,^ 

Figure 9-20.—Unidirectional slot antennas 


Another convenient method of ma 
antenna radiate from only one side o g j ot 
sheet in which it is cut is to energize ^ 
by means of a waveguide as shown in ^ t0 . 
This does away with the coaxial fee 

It has been mentioned that ^ e ra f| at ^ a g 
tern produced by a slot antenna is the 
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t produced by a complementary dipole an¬ 
na. This is true only if an infinitely large 
tal sheet is used. As the width of the metal 
et is reduced, the amount of radiation that 
urs at small angles to the plane of the metal 
et is reduced considerably. This is shown in 
ire 9-21. The radiation pattern produced by 
:omplementary dipole antenna in the plane 
pendicular to the antenna is also shown for 
iparison. In this pattern, you are looking 
the end of the dipole. If all radiation dis¬ 


appeared to the left of the vertical centerline 
shown in the illustration, then you would have 
the radiation pattern produced by a boxed-in 
slot antenna. (See (A) of fig. 9-21.) Here you 
are looking along the edge of the metal sheet in 
which the slot is cut. The length of the slot is 
at right angles to the plane of the page and the 
radiation patterns shown are in the plane of the 
polarization of the energy. 

If the width of the metal sheet is a little 
over 5 wavelengths, then the scalloped pattern 


IpfiSs* RADIATION FROM 
{ ^COMPLEMENTARY 

dipole 

iillitllll 

mm mum 

t (IN PLANE PERPENDICULAR 

t TO ANTENNA) 


30° 



I-1 (D) 

Figure 9-21.—Radiation from boxed-in slot antennas. 
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shown in (B) results. As the width of the sheet 
is further reduced to slightly over 2 1/2 wave¬ 
lengths, fewer irregularities appear in the pat¬ 
tern, as shown in (C). Also note the reduced 
radiation at a fixed angle (say 30 degrees) with 
respect to the metal surface. At a width of only 
about a half wavelength, the pattern shown in 
(D) bears only a little resemblance to that 
shown in (A). The radiation produced at an 
angle of 30 degrees is further reduced. In 
practice, since the size of the metal surface in 
which the slot is cut is usually quite large 
(compared to a wavelength), radiation patterns 
having a form somewhere between that shown 
in (A) and (B) are common. 

A type of slot antenna which was developed 
for use over a very wide frequency band and 
which could be fed by coaxial line is shown in 
figure 9-22. With the compensating bar (pro¬ 
viding capacitive loading) and stub as shown, 
this antenna has a standing-wave ratio of less 
than 2 to 1 over a frequency range from about 
30 percent below to about 30 percent above the 
design center frequency when fed with 50-ohm 
coaxial cable. Such an antenna may be con¬ 
structed in a large flat metal surface or it may 




Figure 9-22. —T-fed slot antennas. 


be made to conform with a curved metal sur¬ 
face. For example, the curved slot antenna i 
shown in (B) can be installed in the leading edge i 
or tip of an aircraft wing. With such a se- i 
verely curved large metal surface, the radiation 
pattern produced is quite different from that 
produced with a slot in a flat surface. The 
extent of the curvature has considerable effect 
on the radiation produced. 

Still another form of the slot antenna is shown 
in figure 9-23. Here the large metal sheet is 
eliminated completely. Instead, an array of 
diagonal slots is cut into a length of waveguide. 
The slots are spaced at intervals along the 
waveguide so that they are excited in phase. 
Maximum radiation takes place in the direction 
indicated. 



Figure 9-23.-Slot array. 

Slot antennas are adaptable for the VHF aad 
UHF ranges. Their most important P raCtlc 
advantage *is that the feed section which en 
gizes the slot may be placed below the 
metal surface in which the slot is cut. ^ 
nothing need protrude from the surface, 
addition, the slot itself may be covere L, 
section of insulating material so that the °P® 

is closed. As a result, no air resistance oc ^ 

This is particularly important in the c 
high-speed aircraft where the vibration P 
lems and drag that would be introduced y 
ventional antennas cannot be tolerated. 

When a slot antenna is installed on 
craft, particular attention should be pai 

slot location with respect to large protuoe 

Wings, fuselage, or engine will act toe ^ 
large portion of the energy radiated fro® taIJ( j 
if these objects are located between the i 0r 
the receiving location. Favorite loca ) 

slot antennas on aircraft include the leading 

of the wing and the side of the nose. 
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C hapter 9 -UHF AN D MICROWAVE ANTEN NA g 

The slot antenna illustrated in figure 9-24 is 
sed as the radiator with airborne radio altim- 

SU< i h flush " mounte d antennas are 
sed m the installation, one for transmitting 

S ^ nternal arrangement 

1P S ; ®“ 24 7^ ° f the sl <* antenna includes the 
tT”* stub > and capacitor plates 
.^cavity 6 bGr " glaSS COver P late ) to load 



igure 9-24.-Radio altimeter slot antenna. 

L^™^ 1 J TE 4 NNA is a type of flush-mounted 
Such hennas are gen- 

s y s a n in . hl ? h -f peed aircraft where it is 
. ^ 0 elim wate the speed-reducing aero- 
mic drag produced by the usual types of 

1 ” St t! Iati0ns ' The skin ^tenna is made 
ectncaliy isolating a portion of the metal 

it,-™ a22 ! craft and using this section as the 
S surface of the antenna. In one type of 

ation, a plastic section insulates the metal 

a* the wmgtips from the rest of the skin 
aircraft as shown in figure 9-25. The 
ip section connects to the receiving and 
mittmg equipment through an impedance- 
ung network and coaxial cable. 

° f a Skin anten na approximates 
i fixed-wire antennas for the same fre- 
y coverage. Although the illustration in 



Figure 9-25. — Wingtip antenna. 

figure 9-25 shows a wingtip installation, skin 
antennas can also be made a part of suitable 
tail or fuselage surfaces. The radiation pat¬ 
terns depend on the operating frequency, the 
size of the radiating surface, and the location 
of that surface on the aircraft. 

Other types of flush-mounted antennas which 
find wide use in VHF and UHF aircraft com¬ 
munications and radar installations consists of 
loops, dipoles, and parasitic and driven arrays 
encased in plastic housings or canopies forming 
the tip of a wing, elevator, stabilizer, or nose. 


CORNER REFLECTOR 

When a unidirectional radiation pattern is 
desired, such a ■ characteristic can be obtained 
by the use of a corner reflector. A corner- 
reflector antenna is a half-wave radiator with 
a reflector consisting of two plane metal sur¬ 
faces meeting at an angle immediately behind 
the radiator. In other words, the radiator is 
set in the plane of a line bisecting the corner 
angle formed by the reflector sheets. The con¬ 
struction of a corner reflector is shown in 
figure 9-26. Corner-reflector antennas are 
mounted with the radiator and the reflector 
horizontal when horizontal polarization is de¬ 
sired. In such cases, the radiation pattern is 
very narrow in the vertical plane, with maximum 
signal being radiated in line with the bisector of 
the corner angle. The directivity in the hori¬ 
zontal plane is approximately the same as for 
any half-wave radiator having a single-rod type 
reflector behind it. If the antenna is mounted 
with the radiator and corner reflector vertical 
(as shown), maximum radiation is produced in a 
very narrow horizontal beam. Radiation in a 
vertical plane will be the same as for a similar 
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radiator with a single-rod type reflector behind 
it. 

At frequencies in the VHF and UHF bands, 
the corner reflector is often made from solid 
metal sheets. At lower frequencies, such 
sheets are massive and are easily damaged by 
high winds. Therefore, screen wire or metal 
rods located in the plane of the reflector sheets 
and running parallel to the radiator are used 
instead. The spacing between the rods must not 
be more than 0.06 wavelength at the operating 
frequency. 

The gain and the radiation resistance of a 
corner-reflector antenna are both affected by 
the reflector corner angle $ and the spacing, 
A, between the radiator and the corner as shown 
in figure 9-26, as well as the construction of the 
antenna and reflector. The gain (expressed as 
a power ratio between the dipole with a re¬ 
flector and the dipole alone) for several corner - 
reflector antennas is shown in the graph in 
figure 9-27. Here the gain is shown for various 
spacings between the dipole and the corner 
reflector, and for an angle <& of 90, 60, and 45 
degrees. 

Sometimes the corner reflector is used as 
a PASSIVE RADIATOR. Under these conditions, 
the reflector is NOT excited by a dipole that is 
mounted with the reflector. Instead, the re¬ 
flector is acted on by a distant transmitting an¬ 
tenna. Here, the purpose of the corner reflector 
is to return the greatest amount of energy pos- 



Figure 9-26.-Corner-reflector antenna. 
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SPACING OF'DIPOLE FROM CORNER IN WAVELENGTHS 


Figure 9-27.-Gain of corner-reflector 
antenna. 

sible back in the direction from which it origi¬ 
nally came. rp . 

The most important use of the c ° rne ,, 
flector as a passive radiator is in radar t0 

cations. Here, it is sometimes necessary 

make good radar targets from objects w 
not ordinarily reflect back enough of e 
mitted radar beam to disclose their pr * 
For example, it is normally very dWte®*® 
searching aircraft to locate by its radar a r 
liferaft, particularly in a rough sea. aac 
reflector is installed on the raft, then it he 
possible for an aircraft radar to detect 
over a distance of many miles. Corner re e 
are also used to mark the edges of landing 
or a particular runway so as to provide 
marked point for the aircraft or ? r0 l m nt i v 
equipment. Corner reflectors are 
installed atop important buoys or str ^ 
points of land which would otherwise 
good radar targets. . ^ed 

The appearance of a corner refie 
for marking radar targets is shown in 
9-28. Three mutually perpendicular ^ 
surfaces similar to the arrangemen ^ 

floor and two side walls at a room <J 0I _ ss ive 
used. It should be noted that in the V ' ^ 

corner reflector the corner angle * din to 
90 degrees. If a radar beam is dire ? pnm *11 
the reflector, reflections may occur 
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TRIANGULAR CORNER 
REFLECTOR 


CLUSTER OF TRIANGULAR 
CORNER REFLECTORS 


Figure 9-28.-Passive corner 
reflectors. 

three surfaces, from two surfaces, or from one 

r^m de r ding ° n th ® angle of arrival 

he beam. In any case, the reflections cause 
•he radar beam to be returned in the direction 

■adar^anten Under theSe condl «°ns, the 

.etct “n rc^r 3 UP ^ r6fleCted ene ™ » d 

A single corner is effective only for energy 
hat arrives from directions covering one octart 
f a sphere centered at the reflector. If it is 

s S woid 0 £ V th C ° Verage in aI1 direc ‘i°ns (such 
s would be the case for liferaft detection), 

i used° 1U3ter 01 6ight SUCh C ° rner re Tiectors 

i ? UCh reflectors ls not critical 

aveleLh,, ^ 6n ^ h ° £ a short side is ma «y 
cting^n, 1 ° nS n,u t * he fre ^ uen oy °f the de- 
UcMs invhL h corner-reflector cluster 
“ " included as part of the emergency res- 

re midf!? 0 " Werafts is a collapsible strut,- 

short tid! SC ^K en and m easuring two feet on 

ur feet .7* reflector is mounted about 
nr feet above the raft. 


CONE ANTENNA 

ttin f rr ently , b ! 00mes deslrable for a trans- 
receiving antenna to operate over a 

e in " , , frequencies. This is especially 
•no " elect ronic coimtermeasures and air- 

rate C o mmimlCatl0n ec i ui Pment. In order to 
a J® ov ® r a wide band it is necessary that 

h t h hat a ;: riSt ‘f 01 the nntenna system be 
y chmiis radl f tl0n Pattern is not appreci- 
l 0ver the frequency range involved. 

Lid tn Sary that the standing wave ratio 
sive losses ™™ in ° rder *° prevent ex " 

Ph L^ P . edance 01 resonant wire antennas will 
uaTeit £reqUe ? cy ' thus the y ^11 function 
douslv stat* * 7 " narrow frequency band. As 
nnp Iy .t ated ’ in connection with the sleeve 
’ 1 is possible to maintain a uniform 


cre^in^thr^ a f der fre ^ncy band by in- 
£2™? diameter of the antenna elements 
his increase m diameter reduces the Q of the 
resonant system and this in turn causes a re 

fnrt H 0 r 1 !l| the react ive energy stored in the E 
and H fields adjacent to the antenna 

creasinTL^ 6 """. iS 3 g00d exam P le °* 

creasing the diameter in order to obtain wide 
band operation. The bandwidth of this tyL 
antenna can be further increased by the use of 
compensating reactances. By the use of these 
series and shunt reactances, it is possible to 
increase the operating frequency range of the 
antenna as much as six times. S i tne 

Figure 9-29 shows two cone-type high- 

Thp qU p e w ant ® nnas for u se with ECM equipment. 
The electrical connections are brought to a re¬ 
ceptacle at the bottom of the antenna. The an 

1 T 6 J,° deSiSned t0 ** m °unted flush 
or blistpfS aircraft A plexiglass dome 
“ 1 ? Sed t0 cover the ^enna in order 
to afford protection and to reduce wind resist¬ 
ance. The antenna illustrated in (A) should be 
mounted vertically to receive vertically polar¬ 
ized waves and horizontally to receive hori¬ 
zontally polarized waves. The antenna in (B) 
is similarly constructed except that the conical 
pickup element is mounted at an angle of 45 
degrees to the mounting flange. This permits 
reception of either horizontally or vertically 
polarized waves for a single mounting position 
Some antennas of this type have a high-pass 
filter incorporated in their assembly that at¬ 
tenuates all frequencies below their designed 
operating range. Signals below the operating 
range are filtered out and do not reach the 
equipment. It is important when selecting an¬ 
tennas of this type, especially for ECM equip¬ 
ment, that a close check be made since an an¬ 
tenna that is equipped with this type filter will 
pick up a negligible amount of energy below 
its operating range. 

The location of the antenna will vary de¬ 
pending upon the specific problems of the in¬ 
stallation. It is extremely important to know 
that at all frequencies, especially UHF and 
microwave, it is possible to reduce the ef¬ 
ficiency of an installation through the use of 
excess antenna cable lengths and connectors 
Antenna runs should be kept to a minimum 
length. In most cases the Handbook of Service 
Instructions will specify maximum lengths. It 
is also important that either the designated type 
or a lower loss cable be used in all installation 
work. 
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Figure 9-29.—Cone antennas. 


A publication, Index of RF Transmission 
Lines and Fittings, NavShip 900-102B, is avail¬ 
able upon request. This publication contains 
charts of attenuation versus frequency for 


various types of transmission lines, assembly 
data for connectors, waveguide data, and other 
information. The charts will be helpful to de¬ 
termining attenuation losses for an antenna 
cable at a particular frequency. An examp e 
of attenuation loss is as follows: R®/D cidie 
has an attenuation of 9 db per 100 feet at 1,000 
megacycles. If a 1,000-watt transmitter is 
connected to an antenna with 33 l/3feetd caMe, 
the power at the antenna will be only 500 wate, 
thus, half the power will be dissipated by 
cable. It is also possible toincrease the losses 
of the system by using older type ' 
connectors. Even with the newer type lowJ* 
connectors it is advisable to use as few 
possible. This may be partially aecomplisted 
by using a minimum of right angle and through 

the-bulkhead connectors; also, adapters should 

be used sparingly. .. . 

A modified cone antenna is f S 

9-30. This assembly consists of a c ? 

antenna with an inverted cone-shapedbasefitte 

into a mounting flange. It is design _ ^ 

jamming transmitter antenna and . g 

frequency range of 200 to 550 m g Y 



Figure 9-30. — Antenna assembly- 

A variation of the cone antenna is d 

in figure 9-31. It is a flat, diamond-^ 
metal plate enclosed in a strea.ni 

housing and is omnidirectional. The 

tenna is shown in (A) of the 
equivalent circuit of the antenna system 
in (B). ^ 

An antenna of this type when. ^efficient 
about 1,000 megacycles will pro , mate ly 

operation over a bandwidth oi a PP ma de d 
200 megacycles. Since this antenna ^ 

a flat piece of metal, it may be ® little 
air foil type plastic housing tha ripS irable 

wind resistance. This is especially desir 

for high-speed aircraft. 
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Figure 9-31.— UHF diamond antenna. 


e radiator is made diamond shaped, in 
to obtain broadband frequency character- 
and is vertically polarized. Since it is 
> its impedance is comparatively high 
mis) and a matching section of transmis- 
ne is used to match this impedance to the 


51-ohm transmission line. This section, which 
is a three-quarter-wave line, properly matches 
the impedances of the antenna and the antenna 
cable, and provides a low standing-wave ratio 
along the cable. The antenna requires no adjust¬ 
ment. 


HORN ANTENNA 


An open-ended waveguide can be used to 
produce directional radiation. Some problems 
which occur are how to effectively match the 
waveguide to free space and how to achieve a 
narrow beam of radiation. Normally, the radia¬ 
tion pattern of an open-ended waveguide is broad 
in both the vertical and the horizontal planes. 
It is also an inefficient system because of the 
mismatch between the waveguide antenna and 
free space. 

If the waveguide is flared out at a gradual 
angle as shown in figure 9-32 (A), a HORN an¬ 
tenna is obtained. The flare must be gradual so 
as to permit a better match between antenna and 
free space. At the same time, a sharper beam 
is obtained when a flared horn is used. 

The horn is very practical at microwave fre¬ 
quencies since at these frequencies its physical 
size is not prohibitive. Since a resonant element 
is not involved, this type antenna is capable of 
wide-band operation. Horn antennas used in 
aircraft installations produce beam patterns that 
are not highly directive. In order to produce 
a highly directive beam the antenna would have 
to be longer than practical for aircraft. This 
disadvantage may be overcome by placing a 
LENS at the mouth of the horn. 

For horn antennas as well as for dipole ar¬ 
rays and reflectors, a rule that may be kept in 
mind is that the larger the aperture of the wave¬ 
guide or the larger the area of the array, the 
greater will be the gain and directivity. Since 
a large aperture is desired at the mouth, the 
length of the horn may become unwieldy if the 
gradual flare requirement is to be incorporated 
in the design. 

A sectoral-type horn antenna is illustrated 
in figure 9-32 (A). Its field distribution is 
spherical in shape and depends upon the mode 
of operation of the waveguide feeding it and the 
flare angle of the horn. The spherical shape of 
the wavefront becomes flatter (elliptical) as the 
flare angle of the horn decreases. This horn 

has the greatest degree of directivity in the plane 

of the widest dimension. 
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Figure 9-32.—Horn antennas. 


Two other types of horns to which the prin¬ 
ciples just described apply are shown in figure 
9-32 (B) and (C). The pyramidal horn (B) has 
equal directivity in both the vertical and hori¬ 
zontal plane. The conical horn (C) produces a 
conical beam pattern. 

As previously mentioned, horn antennas are 
often fitted with a lens. These lens are made of 
plastic or conducting strips. When the lens is 
made of conducting strips, the strips are ar¬ 
ranged parallel to the electric field and spaced 
slightly more than one-half wavelength apart. 
The wave entering the lens passes through the 
openings as though each opening is an individual 
waveguide section. (NOTE: The phase velocity 
of a wave traveling in a waveguide is greater 
than when traveling in free space.) A sectoral 
horn with a conducting-strip lens is shown in 
figure 9-32 (D). As you can see, the strips 
near the sides of the horn form longer sections 
of waveguides than those in the center. Thus, 
the wavefront will leave the horn in a plane of 
constant-phase since the phase velocity is pro¬ 
gressively increased from the center of the 
horn toward the sides as the length of the in¬ 
dividual waveguide sections increase. 

The plastic-type lens, shown in figure 9-33, 
is affixed to a conical horn-type antenna. This 
particular antenna produces a beam width of 18 
degrees at half-power points and has a gain of 
approximately 100. The lens is effective in re¬ 
ducing the sidelobe intensity by retarding the 
phase of the energy leaving through the center 
of the lens. This causes the energy to leave 
the horn in a plane of constant phase. It is 
interesting to note that while the two types of 
lens produce the same results they operate in 



POLYROD ANTENNA 

Figure 9-34 shows a poiyrod antenna that 
consists of a slender, tapered ro 
plastic. This rod is cemented toi 
standard waveguide that is flared ^ 

square dimension of the large en an . 

The principal mechanical features 
tenna are its streamlined aspect, its small siz 

and light weight. . .. that very 1# 

It can be shown experimentally that v y ^ 

frequency radio energy can be ma _ 

along a rod made of material h aS 

electric properties in much the sa gfthe 
light travels along a lucite rod. ein itted 
light traveling along the Incite JL i1ar i y ,soffle 
from its longitudinal surfaces. Sl a iongthe 
of the radiofrequency energy trave mgv.^dinal 
dielectric rod is radiated from its rin g 
surfaces. However, by appropria )' fUn it 
the rod, the amount of energy radia u 

length may be made approxima e y 
doing so, an end-fire antenna is cr .^poles 

is roughly analogous to a linear ^ rr 7f e ^ a tsuC' 
spaced a quarter wavelength apart an ^ ^. 

cessive 90-degree intervals. For ^de 
tenna array, the net energy ramsi e ag se efl 

to the rod will be a minimum. ™ r > ^ 

from a point in a forward direction, er gy, 
to be radiating a cigar-like beam 
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It is interesting to compare the character- 
ics of this antenna with those of the horn type 
3wn in figure 9-33. While the half-power beam 
ith of the horn is 18 degrees, that of the poly- 
1 is 25 degrees. However, the spurious radia¬ 


tion from the polyrod is of greater magnitude than 
that from the horn. These factors cause the poly¬ 
rod to be less efficient than the horn, but never¬ 
theless, in some applications, it is more de¬ 
sirable because of its mechanical features. 


QUIZ 


A ground plane is used with a vertical 
quarter-wave antenna when it is mounted 
several wavelengths above the ground to 

a. decrease the angle of radiation 

b. increase the angle of radiation 

c. decrease the antenna frequency range 

d. increase the antenna frequency range 

Two advantages of the cosecant-squared 
reflectors are a/an 

a. wide vertical beam width and wide hori¬ 
zontal beam width ^ 

b. narrow vertical beam width and narrow 
horizontal beam width 

c. wide vertical beam width and equal power 
to all targets 

i. wide vertical beam width and nearly 

equal target returns 7 

rhe center input impedance of an omnidi¬ 
rectional half-wave slot antenna will be 
approximately 
L - 72 ohms 
'• 50 ohms 

• 530 ohms 8. 

• 1,000 ohms 


} a k° rn antenna, the plastic lens reduces 
idelobe power by 

• retarding the phase of the energy leav¬ 
ing through the center of the lens 
retarding the phase of the energy leaving 
through the edge of the lens 
accelerating the energy leaving through 
the center of the lens 

stopping all energy leaving through the 
edge of the lens 


5. A collinear array is two or more half-wave 
elements 

a. mounted parallel to each other, spaced 
a half wave apart, and fed 180 degrees 
out of phase 

b. mounted parallel to each other, spaced 
a half wave apart, and fed in phase 

c. mounted along the same axis and fed 180 

degrees out of phase ' 

d. mounted along the same axis and fed in 

phase g 

K 

'• Incre asing the diameter of an antenna will 

a. decrease its frequency range 

b. increase its frequency range 

c. increase radiation resistance 

d. decrease its center impedance 

. The 10-cm. band would include which of the 
following frequencies? 

a. 9,375 me. 

b. 2,880 me. 

c. 15,950 me. 

d. 300 me. 

A slot antenna, mounted horizontally, will 
produce a wavefront which is 

a. horizontally polarized 

b. vertically polarized 

c. circularly polarized 

d. not polarized 

A driven array consists of 

a. two or more driven elements 

b. one driven element and one parasiticallv 

driven element 7 

c. only one driven element 

d. two or more parasitically driven ele¬ 
ments 
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10. A longer flare on a horn antenna will give 

a. decreased directivity and increased gain 

b. increased directivity and decreased gain 

c. increased directivity and increased gain 

d. decreased directivity and decreased gain 

11. The angle formed by the one-half power 
points of an antenna lobe and the trans¬ 
mitting station is known as the 

a. radiation angle 

b. lobe angle 

c. beam angle 

d. antenna angle 

12. To obtain the proper directivity in a para¬ 
bolic reflector, it should have a diameter 
of 

a. a half wavelength 

b. a three-quarter wavelength 

c. many wavelengths 

d. a quarter wavelength 


13. A broadside array consists of two or more 

half-wave elements 

a. mounted parallel to each other, spaced a 
quarter wave apart, and fed in phase 

b. mounted parallel to each other, spaced a 
half wave apart, and fed 180 degrees out 
out of phase 

c. mounted parallel to each other, spaced 
a half wave apart, and fed in phase 

d. mounted along the same axis, spaced a 
half wave apart, and fed in phase 


14. The polyrod antenna can be compared to a 

a. Marconi antenna 

b. lucite rod 

c. half-wave center-fed antenna 

d. half-wave end-fed antenna 


15. An end-fire array may consist of two or 

more half-wave elements 

a. mounted parallel to each other, spaced a 
quarter wave apart, and fed in phase 

b. mounted parallel to each other, spaced 
a half wave apart, and fed 180 degrees 
out of phase 

c. mounted parallel to each other, spaced 
a half wave apart, and fed in phase 

d. mounted along the same axis, spaced a 
half wave apart, and fed in phase 


16. A diamond-shape antenna, operating at 
1,000 me., will have an approximate band¬ 
width of 

a. 200 me. 

b. 50 me. 

c. 400 me. 

d. 100 me. 


17. An end-fed diamond-shaped antenna will 
have an input impedance of approximately 

a. 70 ohms 

b. 560 ohms 

c. 140 ohms 

d. 51 ohms 


b. 

c. 

d. 


18. A parasitic array consists of 

a. two or more driven elements 

one driven element and one or more 
parasitically driven elements 
only one element 
all elements parasitically driven 

19. The length of a ground plane should be 

a. one-third wavelength or less 

b. one-eighth wavelength or less 

c. one-quarter wavelength or grea er 

d. exactly one-eighth wavelength 

20. The advantage of a cone antenna over athin 
wire antenna is its 

a. greater gain 

b. greater frequency range 

c. higher Q 

d. greater directivity 

21. For optimum operation of a parasi 

ray, the spacing should be flector and 

a. 0.15 wavelength for the r 

0.1 wavelength for the * irec *l ctor ^ 
0.1 wavelength for the r 


b. 


c. 


: 2 . 


23. 


24. 


U.l waveieugiu - 

0.15 wavelength for the directo 
0.4 wavelength for the refle 
wavelength for the director d q.4 

d. 0.5 wavelength for the reflecto 
wavelength for the director 

The range of a half-wave skin antenn 
approximately the same as a 

a. half-wave fixed-wire antenna 

b. quarter-wave fixed -wire aI \ antenna 

c. three-quarter-wave fixed- 

d. full wave fixed-wire antenna 

In a Yagi array, the shorter and 

a. director is about 5 per * longer than 

the reflector about 5 percent g 
the driven element . _ e rand^ e 

b. director is about5percen ^the 

reflector about 5 percent s 

driven element about 5 P er ' 

c. reflector and director are e i e ment 

cent longer than the rl ^v oU t 5 p er * 

d. reflector and director are e lem ent 

cent shorter than the driven 

The input impedance of a folded dipol e ( 
a part of a parasitic array) 1 9 

a. 36 ohms 

b. 72 ohms 

c. 144 ohms 
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CHAPTER 10 

SERVOMECHANISMS 


In the operation of electronic equipment it 
3 often necessary to have the angular motion of 
shaft follow accurately the motion of another 
haft some distance away. If the shafts are not 
>o far apart, the motion can be transmitted by 
leans of a mechanical linkage. However, when 
le shafts are not close together, this method 
'» in general, cumbersome and uneconomical, 
irticularly where large amounts of torque and 
>wer are to be transferred. A more flexible 
id more commonly used method is to convert 
e motion of one shaft into electrical currents, 
ansfer these currents via wires, and convert 
am back to mechanical motion of a second 
aft. 

Two major applications of such conversions 
shaft motion to electrical currents and back 
shaft motion are remote indicator systems 
i servosystems. The term REMOTE INDI- 
lTOR SYSTEM refers to a device used for 
iismitting data or information between two 
Jits. Examples are the reading of a meter 
1, the position of an antenna in azimuth or 
vation, temperature readings, and similar 
Drmation. For such indications very little 
que and energy are involved. These systems 
; included under the general term SYNCHRO 
STEMS and will not receive extensive coverage 
this chapter since they are covered in the 
Y Training Course, Basic Electricity, Nav- 
s 10086-A. 

Should you require a review of the theory of 
Lous motors—single-phase, two-phase, and 
le-phase—you are again referred to Basic 
ctricity. jf you are not familiar with the 
ns phase, split-phase, rotating field, torque, 
induction, then a review is indicated, 
rhe term SERVOSYSTEM refers to a mech- 
m whereby a controlled shaft usually de- 
rs much more power than the controlling 
and the action of the power amplifying 
ce is regulated by the ERROR or dis- 
ancy in angular position between the two 


The term SERVOMECHANISM refers to a 
large variety of position control systems. It is 
frequently necessary to control the position of 
a device in accordance with some function of a 
signal supplied by a controlling instrument. 
If the power required to operate the device is 
large compared with the power available from 
the controlling instrument, power-amplifying 
means must be provided. When the amplifica¬ 
tion of the controlling signals is carried out 
by a machine or automatic device rather than 
by a human operator, the complete system is 
known as an AUTOMATIC CONTROL SYSTEM, 
and the element that amplifies the controlling 
signals and operates the device is known as an 
AUTOMATIC CONTROLLER. The servocon- 
troiler is the device in which the input is the 
error and the output controls the servomotor. 
This device is also known as a servoamplifier. 

Automatic control systems can be divided 
into two types, depending upon the source of the 
signals that actuate the controller. If the signals 
supplied to the controller are determined not 
only by the controlling instrument but also by 
the position of the device being controlled, the 
system is known as a CLOSED-LOOP control 
system. This system is the one most frequently 
used since it is seldom possible to find a power- 
controlled mechanism in which the loop is not 
closed either mechanically or electrically. If the 
signals supplied to the controller are not a 
function of the position of the device being 
controlled, the system is known as an OPEN- 
LOOP control system. An example of the open- 
loop control system is the electric-type fuel 
gage on an automobile. The float in the fuel 
tank moves the arm of a potentiometer and 
causes the arm to pick off a voltage that is 
proportional to the height of the fuel in the 
tank. The gage is a simple voltmeter that in¬ 
dicates the amplitude of the voltage, thus the 
potentiometer movement is followed by a move¬ 
ment of the gage indicating needle. 
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The term servomechanism is used to denote 
a certain type of closed-cycle automatic control 
system. If the controlling signals to the system 
change frequently and rapidly and the primary 
problem is to cause the controlled device to 
follow these signals, the system is called a 
SERVOMECHANISM. Servomechanisms are used 
to steer ships, to control airplanes, to auto¬ 
matically tune radio receivers, to position guns, 
in numerous telemetering and computing appli¬ 
cations, and, in general, in those automatic 
control applications where accuracy of re¬ 
production is of primary importance. 


SERVOMECHANISM TERMS 

The following terms have been applied to 
servomechanisms. The quantities defined are 
well established and, although they have not been 
standardized, are understood by those active 
in the field. 

INPUT.—The input is the controlling quan¬ 
tity. It may be the displacement of a shaft, a 
voltage or current, a temperature level, and 
so forth. 

OUTPUT.—The servo output is the position 
or state of the controlled quantity. It may be 
any of the quantities listed in the definition 
of the INPUT. 

ERROR.—The servo error is the difference 
between the servomechanism input and the 
output. An error is introduced each time the 
controlling quantity is changed. 

ERROR DETECTOR.—The error detector is 
the device which compares the input with the 
servomechanism output. 

SERVOCONTROLLER.—The servocontroiler 
is the device in which the input is the error 
and the output controls the servomotor. 

SERVOMOTOR.—The servomotor is the 
prime mover of the servomechanism. It is 
actuated by the servocontroller and controls 
the servo load or output. 

SERVO LOAD.—The servo load is the quan¬ 
tity upon which the servomotor operates. 


COMPONENTS OF AN ELECTROMECHANICAL 
SERVOMECHANISM 

The essential components of a servomech¬ 
anism are the data transmission system, the 
servocontroller, and the servomotor. These 
components are shown in the block diagram of 


figure 10-1. The function of each component 
will be discussed. While the servo load, strictly 
speaking, is not a component of the servo¬ 
mechanism, its characteristics have an^im¬ 
portant bearing on the design and operation of 
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Figure 10-1 . -Simplified block diagram of a 

servomechanism. 


Data-Transmission Systems 

In some servomechanisms theidata- 
:ransmission system may consist soie^ 
error detector (control transformer^ 
servosystems, both the physica P ^ 

servo output and the origin o 
comprising the servo input may ntr0 u e r. 
from one another and from the servocon^l^ 

The function of the data-transmission sys q 

to transmit a signal from the P This 
transmitter to the control tran . u t'inthe 
signal is combined with the serv r P ^ 

error detector (control transfer { ror , 
determines the magnitude anddirection*e 
This error signal is then applied t 

C ° n One component of the data-tranmisslonj 

tern is the error detector whic oU tput 

anism for comparing the inp rGS istive 
functions. The error detector may ggvera i 
(potentiometer), capacitive, or o 
types of magnetic devices. detector 

A commonly used magnetic err deve loped 
is the synchro. The synchro ha . relatively 
to the point that it is characterize gona bly 
high accuracy, low noise leve » A 

small driving torques, and exce ^ error 
primary advantage over other typ . that 
detectors is its unlimited rota * x .. s ynchr° 
is, both the input and the output to tne 
may rotate through unlimited ang e . . ^ is 

The synchro data-transmission j ^ 

comprised of a synchro transmi e > a 
- *. _i *____ orin some ;h) 
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JavPers 10086-A, for the theory of operation 
nd function of a differential generator.) The 
ynchro transmitter transforms the motion of 
ts shaft into electrical signals suitable for 
ransmission to the synchro control trans- 
Drmer which comprises the error detector. 

The stator of the generator consists of three 
oils spaced 120 electrical degrees apart. The 
oltage induced in the stator windings is a 
inction of the position of the salient pole 
merator rotor. These voltages are applied to 
ie three similar stator windings of the synchro 
)ntrol transformer. The voltage induced in the 
)tor of the synchro control transformer de- 
;nds upon the relative position of this rotor 
ith respect to the direction of the stator flux, 
le variation of the synchro control transformer 
itput voltage as a function of the rotor position 
lative to an assumed stator flux direction is 
own in figure 10-2. While there are two 
sitions of the rotor, 180 degrees apart, where 
i output voltage is zero, only one corresponds 
a stable operating position of the servo. 






(A) MINIMUM FLUX LINKAGE 




12 E2 


<B> MAXIMUM FLUX LINKAGE 



E3 E3 


(C) MAXIMUM FLUX LINKAGE. 
SI ROTOR DISPLACED 180° 

FROM (B) ABOVE 


igure 10-2.—Induced voltage in synchro 
control transformer rotor. 


Another type of error-detecting element 
commonly used in the data-transmission sys¬ 
tem is the potentiometer. Potentiometers are 
generally used only where the input and the 
output of a servomechanism have limited motion; 
they are characterized by high accuracy, small 
size, and the fact that a d-c or a-c voltage may 
be obtained as the output. Their disadvantages 
include limited motion, a life problem resulting 
from the wear of the brush on the potentiometer 
wire, and the fact that the voltage out of the 
potentiometer changes in separate steps as 
the brush moves from wire to wire. A further 
disadvantage of some potentiometers is the 
high-driving torque required. 

Capacity devices have not been widely used 
to date as error-detecting devices in servo¬ 
mechanisms. 


Multiple-Speed Data-Transmission Systems 

The static accuracy of a servomechanism 
is frequently limited only by the accuracy of the 
data-transmission system. The accuracy of the 
data-transmission system may be increased 
•considerably by employing a multiple-speed 
data-transmission system along with the single- 
speed system. The error-detector elements of 
the multiple-speed transmission system rotate 
at some multiple of the shaft being controlled, 
while the elements of the single-speed trans¬ 
mission system operate one to one with respect 
to the controlled shaft. 

The schematic diagram of a multiple- and 
single-speed system is shown in figure 10-3. 
If the input shaft turns through 1 degree in 
this example, the single-speed synchro trans¬ 
mitter also is rotated 1 degree while the multiple- 
speed unit is rotated 10 degrees. The synchro 
control transformer associated with each of 
these transmitters is geared in similar ratios 
with respect to the servo output shaft. A 1- 
degree error between the positions of the input 
and output shafts therefore produces a relative 
rotor displacement of 1 degree in the single¬ 
speed synchros and 10 degrees in the multiple- 
speed synchros. If the relation between the 
rotor displacement and output voltage is linear, 
the error signal from the multiple-speed system 
is ten times that from the single-speed system. 
This amplification of the error signal in the 
data-transmission link reduces the signal ampli¬ 
fication required in the servocontroller. If the 
synchro has an inherent error of 0.1 degree 
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with respect to its own shaft, the consequent 
servo error introduced by a single-speed data- 
transmission system will be of corresponding 
magnitude, but the consequent servo error 
introduced by a 10-speed data-transmission 
system will be only one-tenth as great or 0.01 
degree. 

A disadvantage of using a multiple-speed 
error detector lies in the possibility of the 
system falling out of step and synchronizing in 
a position differing from the correct position 
by an integral number of revolutions of the 
multiple-speed synchro. In the example shown 
in figure 10-3, if the output shaft were held 
fixed and the input shaft rotated 36 degrees, 
the 10 -speed synchro transmitter would turn 
through one complete revolution. At this point 
the error signal from the multiple-speed error 
detector would be zero. If the output shaft 
were then released, the system would operate 
in stable fashion with a 36-degree error be¬ 
tween the input and output shafts. The purpose 

of using a single-speed error detector along with 

the multiple-speed detector is to prevent this 
ambiguous synchronization. In this example the 
ambiguity is prevented in the following manner. 


An error-signal-selector circ P ^ ^ 

which switches control of the serv0 

single-speed data system whene the 

error becomes large enough P ^ 
multiple-speed system to synchrony ^ 

The type of error-selectorcircmt ^ 

figure 10-3 is frequently used. It is es “ „y 
a single-pole double-throw relay * detector, 
the output of the single -speed error d 

This relay switches control to the B exce eds 
synchros whenever the servo err t0 120 
about 12 degrees, which corresponds^ 
degrees of error displacement ot 
speed synchro rotors. „i rf mitshoW> 

With the err or-signal-selector ^yjjuudJ 

it is still possible to have a sing . auSe the 
synchronizing point in the system, ^ eve n 
multiple-speed synchros opera e This 

multiple of the single-speed synC ^“ w henthe 
ambiguous synchronization can occ degree 8 
servo input and output shafts are 
out of phase. In this position both atnl ill 
and multiple- speed synchro system tein is 
voltage positions and control of e ^^yof 
retained by the multiple-speed urn • oS ition 
eliminating this false synchronizauo 
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by operating the multiple-speed synchros at 
odd multiple of the single-speed synchros, 
die the 180-degree null position of the single- 
?ed synchros still coincides with a null 
tage position of the multiple-speed synchros, 
corresponding servo position is an unstable 
> and the servo will not remain at this point. 
The disadvantage of using multiple-speed 
■or detectors is the need of an additional 
ichro system and switching circuit if false 
ichronization is to be avoided. The increased 
vo accuracy resulting from the amplification 
the error signal and the effective reduction 
inherent synchro errors, however, account 
the wide use of these multiple-speed data 
terns. 


amplifier that raises the d-c signal to the 
power level necessary to control the servomotor. 

In many control systems the servoamplifier 
is not required to perform all of the functions 
indicated in the amplifier shown in figure 10-4. 
For example, if the servomotor is to be con¬ 
trolled by an a-c voltage of the same frequency 
as the a-c error signal, the detector and recti¬ 
fier might be eliminated and the d-c modifying 
network replaced by a-c networks or by devices 
that produce the desired effect in other ways. 

Thus the functions of the servoamplifier 
and its exact form may vary widely in different 
control applications. Examples of actual ampli¬ 
fiers are given in other sections of this chapter. 


Servoamplifiers 

The functions of the servoamplifier are: 

1. To supply required amplification of the 
error signal. 

2. To transfer the error signal into suitable 
form for controlling the servomotor. 

J. To provide special characteristics that 
may be necessary to obtain stable, fast, 
and accurate servo operations. 

Svery servoamplifier provides one of these 
tions and many provide all three. A block 
ram of a servoamplifier which performs all 
e of these is shown in figure 10-4. The 
t to this amplifier is represented as an 
signal, the magnitude of which is pro- 
tonal to the magnitude of the error between 
input and the output and the phase of which 
function of the sine of the error. The first 
on of the servoamplifier is an a-c amplifier 
supplies the gain necessary for proper 
ition of the system. The second component 
is amplifier is a sense-detecting rectifier 
emodulator. This element transforms the 
rror signal into a d-c signal, the magnitude 
dch is proportional to the magnitude of the 
> error and the polarity of which is de- 
ned by the direction of the servo error, 
inal component of the amplifier is a d-c 


Servomotors 

The function of the servomotor is to supply 
the torque, power, and dynamic characteristics 
required topositionthe servo load satisfactorily. 
The servomotor itself is controlled by the 
servoamplifier. Ideally, a servomotor should 
require only small amounts of power from the 
amplifier, should be capable of accelerating 
rapidly, reversing direction readily, and should 
be characterized by small size and weight, long 
life, small time lags, and an adequate speed 
range. Some of the electric motor types fre¬ 
quently used in servomechanisms are indicated 
as follows: 

The 2-phase induction motor is the most 
widely used a-c servomotor. One phase of this 
motor is excited from a constant reference 
source; the other phase is excited in quadrature 
(at right angles) with this reference phase by 
the servoamplifier output. The motor torque is 
proportional to the amplitude of the control 
voltage and its direction depends on the relative 
phase of the excitations on the control and 
reference phase. 

The most frequently used d-c servomotor is 
the separately excited shunt motor. Its direction 
of rotation is usually controlled by controlling 
the direction of current flow in two separately 
excited differentially wound field coils. This 
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Figure 10-4.—Block diagram of servo-amplifier. 
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arrangement facilitates the direction control 
of the field current by the servoamplifier. The 
voltage applied to the armature (line voltage) 
is regulated in order to maintain a linear 
relationship between the motor output torque 
and the field current. The field current to the 
servomotor will be supplied from a servo- 
amplifier using an output such as the dis- 


mentioned. 

CIRCUIT FUNCTIONS AND ANALYSIS OF 
SERVOAMPLIFIERS 

Phase Discriminators 


criminators that follow. 

Certain types of shaded-pole induction motors 
have been developed which are also suitable as 
servomotors, but which are not widely used at 
present. In each of these motors the main field 
winding usually is excited from a constant a-c 
source and the motor output-torque amplitude 
and direction are controlled by an alternating 
voltage and direct voltage applied to a shading 
winding. The alternating control voltage is 
either in phase or 180 degrees out of phase 
with the main field voltage. As in the case of 
the 2-phase induction motor, the sense detector 
may be unnecessary if a synchro error detector 
is used in the servosystem. 

Universal motors and clutch mechanisms 
are sometimes used as servomotors, but in 
general they have not been applied as extensively 


A phase discriminator or, as it is sometimes 
known, a phase sensitive rectifier, will mix 
two a-c voltages and provide a 
voltage or current of reversible 
the output. The two voltages to b< 
in most applications be either in 
degrees out of phase. 


d-c control 
polarity at 
3 mixed will 
phase or 180 


DIODE PHASE DISCRIMINATOR 

A typical diode phase discriminate^^ 
in figure 10-5. As illustrated, an a-c^ 
voltage serves as the reference voW *£ 
discriminator. This voltage must come 

the same source supply that 18 ^twURaeate 
ovnitotinn tn the svnchro system thatwi 
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the voltage to be compared to the reference 
error voltage). The plates of the two diodes 
are supplied with this reference voltage in 
such a manner that the two plates will be in 
phase Assuming that there is no error si£i£ 

f J 2 . In ‘° the P lates the diodes arthe 
ime the piates are on a positive half cycle the 
-wo diodes will conduct equally. The voltage 
produced across HI and R2 are at equal potent^ 
r ® S P? c ‘ t0 ground. The a-c component is 
emoved by capacitors Cl and C2. The outnut 
s zero as long as no signal is introduced by T2 
The circuit of figure 10-5 showsthe polarities 
f the two voltages present at the diode plates 
olta?e Ven InSt h ant ' The P ol arity of the reference 

etleen it encircled to differentiate 

etween it and the error voltage. The error 

oltage is produced by a synchro control trans 

leToTdTs tflJ 111 ** ? f 0sitioned manually when 
ie load is to be repositioned. 

reference voltage is applied to the diode 

ates through the centertap of T2, thereby 

paring at both plates in the same polarit/ 

Pinter is"ton^l T* 10 COntro1 transformer 
•rose ’ he 6rr0r volta S e a PPears 

® , the ,® ntlre secondary winding and is 

the 6 in ° de Plat6S in 0 PP 0site polarity. 

lItaffp ^ e >JV S shown as having two positive 
Wages applied to its plate, while V2 ex- 

w, n n e n„ a a P ? Sltive and a ne S ative voltage, 
will conduct more than V2, charging Cl to 

Itage Conv ersei;, if terror 

r&rvzrrr voltage appeared at 

would °L 2 mstanta »eously positive, then 

itage and^v? lenCe i,f positive and a negative 
g , and V2 would conduct more than VI. 

tageCci. 2 W ° Uld Charge t0 a h * her 

d^d^th V *** V2 feed their outputs t0 the 
necS^o^th 3 f ! 6dback llne from the load 
or vol U C ° n ! transformer. When an 

y. 0lt g , 18 intr oduced through T2 one of 

loaJwTn C w UCt m ° re than the other and 

or voitli 11 . rotate ln one direction. If the 
i willrof% 1S . reversed in Polarity then the 
itional SM; he opposite direction. The 

)un t of vnif d ° f the l0ad is determined by the 
T appUed t0 tt ’ which to turn is 
ereator^i!^ magnitude of the error voltage, 
storm? number of degrees the control 

tion thp p0lnt ® r is displaced from its static 
thp’f^ greater wlU ** the error voltage 
ns to rn?? + thG l0ad rotation * As the loSd 
back vn? 6 ? newly indicated position a 
Ck voltage is applied to the control trans- 
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rf h? e feedback v °ltage progressively re¬ 
duces the error voltage to zero as the load 
assumes its new position. 

«x m nif Cal li,? at the refer ence voltage and the 
synchro that produces the error voltage are 

supplied by the same source of a.c. These two 
voltages will, therefore, switch polarities at 
the same time; that is, when the error voltage 

nL Pl ? e ^ V1 switche s from positive to 
negative, then the reference voltage at VI will 
have switched from positive to negative also 
that instant V2 will experience a positive 
error voltage polarity and a negative reference 
voltage polarity. Neither tube will conduct an 
appreciable amount. On the next half-cycte 
switch the polarities will again be as indicated 
m figure 10-5 and VI will conduct. Since the 
capacitors d and C2 charge to the average 
of the voltages applied, then the capacitor 

as80 - ated Wlth the ^be that conducts the most 
will charge to the highest voltage. 

The tube that conducts the most will be the 
one that has both applied voltages instantaneously 
positive, jinci will be the one that determines 
the direction of load rotation. 

TRIODE PHASE DISCRIMINATOR 

A phase discriminator using triode tubes is 
shown m figure 10-6. 

In this circuit, as in the previous one, the 
plates of the tubes are supplied with the a-c 
reference voltage in such a manner that the 
plates will be in phase. For purpose of ex¬ 
planation assume that no error signal is 
present at T2. When the plates of VI and V2 
are positive, the two tubes will conduct equally 
The plate current that flows will set up fields 
in the d-c motor control windings that will be 
equal and opposite; therefore, the fields will 
cancel and produce no output. When the plate 
voltages are on a negative half cycle, Cl and 
C2 will be discharging through their respective 
control windings to maintain a constant d-c 
current through the windings. 

If an error signal is introduced into the 
primary of T2 of such a phase relationship 
that the grid of VI will be positive at the same 
instant that the plate of VI is positive, the 
following conditions will exist: 

1. On this half cycle the conduction of VI 
will be increased above its static value. 
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^FIELDS 


2. The heavier plate current will cause a 
stronger field to be created in the upper 
control winding. 

3. At this same instant, since the grid of 
V2 is on a negative half cycle, its average 
conduction will be reduced to a level 
below that of its static value. 

4. The lower level of plate current will 
cause a weaker field to be produced in 
the lower control winding. 

5. Since the magnetic fields produced in 
the control windings are no longer of 
equal amplitudes, they can no longer 
cancel each other. 

6. The control windings will produce an 
output voltage of a polarity controlled by 
the polarity of the resultant field and of 
an amplitude controlled by the relative 
strength of this resultant field. 

7. The control output will cause the proper 
mechanical actions necessary to reduce 
the amplitude of the error to zero. 

8. As the error signal is reduced to zero 
the current conduction through VI and 


V2 will again be balanced and the> 
fields will be equal and 
cancel each other, reducing - cal 

output to zero and stoppingthem _j 

action. Resistors Rl and P 
excessive grid current when 

anirlo lartrp 


FULL-WAVE DIODE BRIDGE DISCRIMINATOR 

. »,,ii diod® 

A tilt control circuit using a full- 
bridge discriminator is illustrated in ^ 

10-7. This discriminator consists ot 
and V4 and associated circuits. ^th 

This circuit will produce a d-c v ^ I 
its polarity controlled by the phase re ^ the 
of the input error signal with respe | 

reference voltage. The amplitude ed by 

output control voltage will be dete 
the amplitude of the error signal. t the 

Assuming no error signal is P r 
circuit will perform as follows: tpr jninal 

At the instant when the voltage a ^ 

3 of T4 is negative and terminal 5 i P 
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ent will flow from terminal 3 to the cathode 
3-A and then to its plate. From the plate 
3-A it flows through R6 to terminal 3 of 
md through R17 to the cathode of V3-B, 
igh the tube and back to terminal 5 of T4. 
he alternate half cycle when terminal 3 of 
s positive and terminal 5 is negative, current 
flow from terminal 5 of T4 to the cathode 
t-B, through the diode to R7 and to terminal 
Tl, from terminal 5 of T1 through R18 to 
cathode of V4-A, through V4-A back to 
inal 3 of T4. Note that during this entire 
no current will flow through R8 and R9, 
currents tend to flow in both directions 
THE SAME TIME. They are equal and 
5 ite; thus, they cancel and the voltage 
Js the output terminals will be zero. 

1 error signal introduced into Tl will be 
definite phase relationship with respect to 
eference voltage; it will be either in phase 


or 180 degrees out of phase. If it is assumed 
that terminal 3 of both Tl and T4 are in phase 
and on a positive half cycle, current will flow 
as follows: From terminal 5 of Tl through R18 
and V4-A (cathode to plate), to terminal 3 of 
T4 then to the center tap terminal 4 of T4. 
From terminal 4 of T4 through R9 and R8 to 
the center tap terminal 4 of Tl and back to 
terminal 5 of Tl. On the alternate half cycle, 
terminal 3 of both transformers will be negative. 
Current will then flow from terminal 3 of Tl 
through R17 and V3-B (cathode to plate), to 
terminal 5 of T4 to the center tap terminal 4. 
From terminal 4 of T4 through R8 and R9, on 
to terminal 4 of Tl and back to terminal 3 of 
Tl. For a complete cycle current has passed 
through R9 and R8 as a d-c current, causing 
the bottom end of R9 to be negative in respect 
to the top of R8. C7 and C8 will remove any 
a-c component of voltage which may appear at 
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the output. If terminal 3 of T1 and T4 had been 
out of phase, the direction of current flow 
through R9 and R8 would have been in the 
opposite direction, so that the output polarity 
of voltage would have been reversed. 


Induction-Motor Type Servosystem 

A 2-phase induction motor is frequently 
used with servosystems in aviation installations. 
Figure 10-8 illustrates by way of a block 
diagram a basic circuit using this type motor. 

The action that takes place is as follows: 
An alternating voltage of fixed amplitude is 
applied to coil A. Capacitor C is connected in 
series with coil A for the purpose of providing 
a phase shift so that the voltage applied to this 
coil is nearly 90 degrees out of phase with the 
synchro voltages. Thus, the output of the servo- 
amplifier, which is connected to coil B, will be 
90 degrees out of phase with coil A. This action 
provides the necessary phase difference be¬ 
tween the coils for proper operation of the 
motor. 

When the input and output shafts are dis¬ 
placed from each other an error voltage will 
be produced. As a result of this error voltage, 
the servoamplifier will supply a current to 
coil B. This current, in conjunction with coil 
A, produces a rotating flux that drives the 


induction motor in the direction to reduce the 
error to zero. 

When the error voltage is zero, only coil A 
will produce a magnetic flux in the induction 
motor. Since this alternating flux does not 
rotate, no torque is produced by the motor and 
rotation stops. 

The servoamplifier in this circuit functions 
as an audio amplifier. It provides an amplified 
output of the error voltage that is in phase with 
the error voltage. 


Antihunt Devices 

Servomechanisms and associated amplifiers 
will necessarily have high-power gain in order 
to provide fast response from input to output 
shaft. Servomechanisms must be capable of 
supplying sufficient power to create highenoug 
torque to overcome load inertia and insure 
accurate controlled motion. A servo that does 
this causes the output shaft to approach a new 
position at a high rate of speed. When the 
output shaft reaches the correct position at tun 
speed, mechanical inertia will cause it to run 
beyond the correct point, commonly ca e 
OVERSHOOT. This overshoot creates an error 
signal of opposite phase at the servo inp 
which causes the motor rotation to reverse 
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jut shaft’s direction. The results of this 
ion are: 

1. The reversed motion drives the output 
shaft back through its correct position. 

2. Motor rotation will again reverse to the 
original direction. 

3. The amplitude of output shaft motions 
will gradually decrease each time it 
passes through its correct position. 

s oscillation is usually termed HUNTING. It 
rt be prevented so as not to cause damage 
the output shaft’s mechanical components, 
o, since the output shaft may take a relatively 
l time to stop or dampen out these oscil- 
ons, this hunting will with all probability 
ult in very poor servo operation. 


CHANICAL FRICTION METHOD 

One method of creating antihunt action is to 
ate a high mechanical friction on the output 
ft, but this system has many disadvantages, 
y are: 

1. Much of the servomechanism output power 
is lost in frictional heat, thus creating a 
a very inefficient system. 

2. Such a system requires much heavier 
and larger mechanical components. 

3. The positioning of the output shaft is less 
accurate. 

1. The degree of error between input and 
output shaft is quite large, 
j. The speed of the output shaft is slower 
than that desired of an efficient servo- 
system. 


3TIA DAMPERS 

aertia dampers such as are used on synchro 
ivers are practical only on the very smallest 
lervosystems. This is true because the 
:ia of the damper must be many times that 
ie output shaft and its mechanical load in 
r to dampen oscillations effectively. 


TER-TYPE ANTIHUNT DEVICE 

simple electrical means of antihunt is to 
oy a limiter in the error amplifier ahead 
5 discriminator. A very low plate supply 
?e applied to one of the error voltage 
ifier stages will limit the gain of the stage 


to a very low level. In such a system a low 
amplitude error signal produces an amplified 
output. This output gives a definite speed of 
output shaft motion which is comparatively low. 
Increasing the error signal amplitude causes 
no further increase in output because of the 
limiting action of this amplifier stage. The 
motor and output shaft speed will thus have no 
increase. The output shaft speed will neces¬ 
sarily be quite slow and the mechanical load 
will be great enough to prevent overshoot. The 
main disadvantage of this system is: It causes 
very slow response to an error angle between 
input and output shafts due to the low servo gain. 
This form of antihunt has been used with 
azimuth stabilization systems where output 
speed need not be fast. 


HIGH-SPEED ANTIHUNT DEVICE 

Figure 10-9 illustrates a radar’s tilt- 
stabilization system which contains a high-speed 
antihunt device. 

An a-c generator is geared mechanically to 
the tilt torque motor and has an output voltage 
when the torque motor turns. This is the 
damping signal generator shown in figure 10-9. 
The a-c voltage out of this generator is adjusted 
to a value equal to the error signal produced 
with only a few degrees of angular displace¬ 
ment between input and output shafts. This 
ANTIHUNT or DAMPING voltage is fed to the 
servoamplifier in such a manner as to be out 
of phase with the error voltage at all times. As 
the servo torque motor turns the output shaft 
to its new position, the amplitude of error 
signal will be constantly decreasing to a null 
of voltage. At some point close to zero angular 
displacement between input and output shafts, 
the antihunt a-c voltage will be equal in ampli¬ 
tude but out of phase with the error voltage, so 
that the signal into the servoamplifier is 
canceled. The inertia of the output shaft mech¬ 
anism carries the output shaft beyond this point 
to where the phase of the amplifier input signal 
is reversed and starts to increase in amplitude 
due to the damping signal generator’s output 
exceeding the error signal. This causes a 
reversal of the output voltage from the servo¬ 
amplifier to the torque motor prior to reaching 
a null of the positional error voltage. This 
reversal of torque causes a braking action 
which stops the torque motor and the load. This 
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CONTROL UNIT 



Figure 10-9. Tilt stabilization with high-speed antihunt. 
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so stops the damping signal generator and no 
•ther error is applied to the amplifier. 

Some provision must be made to control the 
ict amplitude of the net input signal to the 
rvoamplifier so that optimum stability is 
ained. This may be done by varying the 
ihunt or damping generator output so as to 
icel out the error signal at the proper angular 
placement. 

If the antihunt or damping signal is LOW in 
plitude as compared to the error signal at 
correct cancellation angle, the power to the 
que motor will not be removed at the proper 
ular displacement point. This will cause the 
3ut shaft to overshoot the proper angle and 
illations or hunting will occur. These oscil- 
ons will gradually diminish to the correct 
l .n °* the output shaft. If the antihunt or 
iping signal is HIGH in amplitude as corn¬ 
ed to the error signal at the proper can- 
ation angle, the error signal will be cancelled 
oo great an error angle, or too soon. The 
ait shaft will be stopped with some degree 
?rror angle remaining between input and 
ut shafts. As the output shaft stops, the a-c 
ping voltage will fall to zero and the re- 
ling error signal will cause the shaft to 
slowly to the correct point. 


IVATIVE TAKING ANTIHUNT NETWORK 


derivative taking network used as an 
unt device is shown in figure 10-10. The 
lit shown is the first voltage amplifier in 
srvoamplifier used to drive a 2-phase 
:tion motor. The derivative network Z1 
ists of Cl and LI. 

his network is a high-impedance series- 
lant circuit which suppresses hunting and 
shoot caused by the inertia of the following 
m. This is accomplished by introducing a 
1 lead in the servosystem. During the re¬ 
ds which are characteristic of sector-scan 
tion in a radar azimuth servosystem, the 
e required to overcome the lag in the sys- 
s quite high. 

J e rotor output of the synchro control 
■ormer is fed through voltage dividing 
or R2 to the mesh composed of resistor 
parallel with capacitor Cl and inductor 
he reactive elements form a series- 
ant branch at the supply frequency and 
very low impedance. At any other fre- 
y ’ they appear inductive or capacitive and 



cause the output of the derivative network to 
lead in phase, thus the load anticipates any 
change in input speed and direction. 


Review of a Servomechanism System 

As you review the operation of a servo¬ 
mechanism system, use figure 10-1 as a ref¬ 
erence. The connections and functions of the 
basic servomechanism components are as 
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follows: Consider that when the input shaft is 
turned, an error voltage is produced. This 
voltage is taken from the rotor of the control 
transformer and applied to some type of servo- 
amplifier. The amplifier will supply power 
to the servomotor which will turn the output 
shaft. The output shaft will position the load 
device, and is also mechanically connected 
back to the control transformer. 

The basic operating sequence is as follows: 
When the input shaft is moved, a pattern of 
voltages will be transmitted by the synchro 
generator to the control transformer stators. An 
error voltage will be supplied to the amplifier 
from the control transformer rotor. The phase of 
this voltage with respect to the reference voltage 
depends upon which direction the input shaft is 
turned. The amplitude depends upon the amount 
of displacement between the input and output 
shafts. The servoamplifier develops a control 
voltage or current of the proper phase and 
amplitude to be applied to the control winding 
or windings of the servo. The control circuit 
will cause the servomotor and control trans¬ 
former rotor to turn in the same direction and 
the same number of degrees as the input shaft 
has been turned. Once the rotor position of the 
control transformer differs from the synchro 
transmitter rotor position by 90 degrees, the 
input to the amplifier is zero and the system 
returns to a static state. 


Servomechanism Adjustments 

It is important that you know how to make 
the proper adjustments to servomechanisms 
in order to obtain from them the proper per¬ 
formance. Adjustments must be made when new 
equipment is installed, when components such as 
control transformers, differential synchros 
servoamplifiers, tubes, or other parts of the 
servosystem are replaced, and during normal 
service as a result of variations in the system 
due to the usage of the parts. These adjust¬ 
ments will provide changes in gain, phase, and 
balance of the servoamplifier and also the aline- 
ment or zeroing of the synchros of the system 

The zeroing of synchros in general has been cov¬ 
ered in Basic Electricity , NavPers 10086-Aand 
will not be covered in this chapter. The specific 
instructions for zeroing the synchros of each 
specific type equipment will be found in the Hand¬ 
book of Service Instructions for that equipment 


PHASE ADJUSTMENT 


After the servosystem has been zeroed or 
alined, it is then necessary to ascertain if the 
phase relationships are correct. Phase shift 
adjustments are frequently provided in a servo- 
system to compensate for any undesirable phase 
shift caused by the amplifier or the synchro 
data-transmission system. When a system uses 
a 2-phase servomotor, the controlled winding 
voltage must be 90 degrees out of phase with 
the fixed voltage winding. Many servosystems 
provide a means of adjusting the phase dif¬ 
ference between these voltages. There are 
various methods of making this adjustment. Some 
equipments provide a means of adjusting e 
phase of the fixed voltage winding. This is ac¬ 
complished by varying the capacitor tha is 
connected in series with the fixed vo ag 
winding. Other servosystems use an amplifier 
that contains a variable RC or RL networ 
which, when adjusted, varies the phase of 
controlled voltage winding. 

An improper phase difference may be • 
tected with an oscilloscope. The P r0ce ,5 
involves the well-known Lissajou patterns, 
alternating voltages to be compared are app 
to the horizontal and vertical plates, 
resultant Lissajou pattern indicates 
relative phases. , lt u 

Phase adjustments are generally ma 
the system at rest (no input rotation), 
to provide sufficient output from the 
amplifier for comparison with the inpu 
fixed voltage winding, it is desirable °P 
ically hold the servomotor away nt 
correspondence position. The phase ad] 
is then made so as to provide a 90- & 
phase displacement. onl . 

When a new system is installed o 
ponents replaced, it is necessary to c ^ 
proper polarity relationships. Unless ^ 
and controlled voltages have the p r °P er P 
relationships, the servo will not have ^ 
and the motor will run away. Likew » 
rate generator (damping signal Jjtof 

10-9) is used in the servosystem, the htha tit 
the generator must have a polarity sue ^ 
will increase the system's stability ra 
decrease it. 

EFFECT AND ADJUSTMENT OF CONTROL 1 ® 8 
GAIN a 


important effect on the servomec 
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onse characteristics and is one of the more 
Ly adjustable parameters in electronic 
©controllers. Increasing the system gain 
ces the system velocity errors and those 
c errors resulting from restraining torques 
le servo load or misalinementinthe system, 
ncrease in system gain also increases the 
5m's natural frequency, and therefore its 
d of response to transient inputs. How- 
, excessive gain always decreases the rate 
hich oscillatory transients disappear, and 
inued increase in the system gain eventually 
uces instability. The optimum gain setting 
nds on the particular application for which 
servosystem is intended. The gain should 
ys be as high as is commensurate with 
?m damping. 

/hen feedback networks are used, the relative 
3 of these networks and the amplifier's 
ard gain must be adjusted in order to obtain 
num performance. If the gain settings for 
3 two adjustments are not given in the 
ice instructions, they may be obtained ex- 
nentally by gradually adjusting first one 
hen the other. 

ince the gain of the servo will be affected 
he phase of the various voltages, it is 
'able to check the phase adjustments before 
ng the gain adjustments. When small servo- 
rs are used, it is possible to measure the 
mic performance by checking the number 
yershoots. This may be done by causing 
otation to cease (example—stop the antenna 
ion of a radar installation), then manually 
ing the servomotor a certain number of 
jes from correspondence, and then allowing 
snap back to its correspondence position, 
number of overshoots for a particular 
nt of servo displacement must be de¬ 
fied experimentally from equipment that 
ictioning properly. This may be used as a 
arison guide between the same types of 
ment. As a rule in aviation equipment, 
3 weight limitations, the servomotor has 
torque in excess of that required of it. 
use of this, whenever any additional load 
ded to the motor, the system is apt to 
ie sluggish or intermittent. Oftentimes 
srvoamplifier is thought to be the cause 
above action when in reality it is due to 
crease in load. This increase may be 
1 by excessive mechanical friction due to 
n gear train or defective bearings and 
•equently be detected by manually rotating 
>rvomotor with the power removed. The 


amount of effort required to rotate the system 
that is not operating properly is compared with 
that required to rotate a system that is opera¬ 
ting properly. 


BALANCE ADJUSTMENT 

Frequently servoamplifiers contain a balance 
adjustment to overcome any electrical un¬ 
balance that may occur in the amplifier. This 
unbalance is primarily caused by the unequal 
conduction of tubes. The adjustment is generally 
provided by connecting a potentiometer in the 
cathode circuits of the output tubes as shown 
by R21 in figure 10-7. This potentiometer is 
sometimes placed in the cathodes of the driver 
stage instead of the output stage. As the po¬ 
tentiometer is changed, the cathode bias will 
increase on one tube and decrease on the other, 
depending upon the direction of movement of 
the potentiometer arm. Thus by proper posi¬ 
tioning of the arm, the tubes can be made to 
draw equal current. 

When this adjustment is made, it is neces¬ 
sary to short out the input to the servoamplifier 
(this is possible in some equipment by rotating 
the gain adjustment to the zero position). With 
zero input to the amplifier, the balancing ad¬ 
justment is rotated to the null or minimum 
voltage output from the servoamplifier. This 
indication is taken from a meter that is con¬ 
nected across the output winding or from a 
test jack. 


APPLICATIONS OF TYPICAL 
SERVOMECHANISMS 

The remainder of this chapter will be 
devoted to an explanation of the theory and 
operation of two different servomechanisms 
that are typical of airborne servosystems. The 
first explanation will explain the servo¬ 
mechanisms used to provide azimuth stabiliza¬ 
tion, and the second will explain a system for 
tilt stabilizing an airborne radar. 


Azimuth Stabilization 

Most azimuth stabilization systems are 
similar, and an understanding of one system 
will provide information that will be helpful in 
the comprehension of other systems. 
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An azimuth stabilization system stabilizes 
the indicator screen presentation, causing the 
display to remain rotationally fixed despite 
changes in the heading of the aircraft. By this 
means, a definite compass relationship is es¬ 
tablished for the indicator screen, and radar 
target echoes appear in proper position with 
respect to the top center of the screen, which 
represents magnetic north. The stability of the 
indicator presention also facilitates search 
diming rough weather or moderate maneuvering 
of the aircraft. 

In the following discussion of azimuth stabi¬ 
lization, an instrument called a fluxgate compass 
is used. The fluxgate compass employs most 
of the principles relative to so-called “earth 
field inductors,” and later model compasses 
operate on those same principles. 

Stabilization of the indicator screen pattern 
is accomplished by signal voltages controlled 
by the master indicator of the fluxgate com¬ 
pass (also called fluxvalve compass) in the 
aircraft. These signals are used to control the 
angle of the sweep trace on the screen in ac¬ 
cordance with the instantaneous azimuth position 
of the scanner. 

In order to explain the theory of operation 
of azimuth stabilization, it is necessary to 
analyze briefly one of the compass systems 
used. This is necessary since in an equipment 
that contains azimuth stabilization the compass 
that controls the stabilization is an intricate 
part of the system. The GYRO FLUXGATE 
COMPASS SYSTEM of the aircraft is a remote- 
indicating earth-indicator compass, which con¬ 
sists of a gyro-stabilized fluxgate transmitter, 
an amplifier, a master indicator, and one or 
more synchro re mote-indicator repeaters 
(NOTE: The term “gyro fluxgate” is a regis¬ 
tered trade name of the Bendix Corporation.) The 
fluxgate element is stabilized in the horizontal 
plane by an electrically driven horizon gyro. 
The gyro head contains a rolling-ball type of 
erecting system, which maintains the gyro axis 
in the vertical plane by setting up a restoring 
force when the axis becomes displaced. 

The transmitter portion contains the sensi¬ 
tive element of the system, the fluxgate unit 
which consists of three equal legs forming a 
triangle; this unit is established and maintained 
in the horizontal plane by the action of the gyro 
Each leg consists of two strips of a magnetic 
alloy used as a core upon which are wound a 
primary and a secondary coil. The primary 
coils are connected in series and are excited 


by an oscillator circuit in the amplifier. The a 
secondary coils are delta connected, with leads ft 
tapped off at the points where the three coils ft 
join. These leads, and the single lead which 
supplies the excitation current, are brought out ft 
through hairsprings on the gimbal rings. The ? 
primary coil of each leg is wound in such a » 
manner that when the leg is at right angles to j 

the magnetic field of the earth the exciting 
alternating current produces opposing fluxes 
in each strip which neutralize each other and J 
induce no voltage in the secondary. This exciting 
current saturates the core on the peak of eacn t 
half cycle. 


When the leg is parallel to the earths 
magnetic field, the earth's flux tends to oppose 
the flux in one alloy strip and to aid the flux in 
the second strip. The partial cancellation of tne 
flux in the first strip prevents its reacmng 
saturation at the same time as the secondstr P, 
and its flux continues to change after the sec 
strip has reached saturation. Theflux 
thus set up induces a voltage in the se' * 

When the current through the primary deer 

to a point where the flux starts to °P 
the point of saturation, a voltage m theJ^P°s 
direction is induced in the se ^° n ^ ar I‘ iT1 iu 
occurs because the flux in the first 
which partial cancellation exists) drop 
the saturation point before the f u* ^ 
second strip, thus producing a flux c 
the opposite direction. Since saturation 
twice each cycle, and since secondary 
are induced at the start and again a ^ 

of each period of saturation, the ^eq 
the induced voltage is double that oft ep 


Three signal voltages, which gen ^ 

of three different magnitudes, ^ 

from the fluxgate secondary couSj 
applied to the stator coils of a coupling g 
contained in the master indicator, a J8 
induced in the rotor winding of this syn 
fed to the fluxgate amplifier, which . Action 
sufficient power to operate a 2-phase tor> 
motor which is also in the master 1 me iy 
The fluxgate amplifier includes an .® heXC ita- 
stable oscillator that is used to ^ nl viator 

tion power for the fluxgate and another 

which provides voltage for the c motor 
excited winding of the 2-phase in® 1 ® v0 itage 
in the master indicator. The excita o ^ a t 
applied to the induction motor is nece 
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equency of twice that of the fluxgate excita- 
voltage in order to equal the frequency of 
fluxgate output. 

rhe 2-phase induction motor in the master - 
cator phase unit has its stator wound in 
irature (two windings at right angles to each 
r). The control winding is energized by the 
ilified signal from the synchro rotor, and 
exciting winding receives its power from 
oscillator in the amplifier. When both 
iings of the induction motor are energized 
voltages having a phase difference of 90 
rees, the motor rotates and drives the 
ihro rotor through a gear train until the 
position is reached. When this occurs, 
voltage induced in the rotor drops to zero, 
output of the amplifier also becomes zero, 
since only the excitation winding of the 
iction motor is energized, the motor stops, 
position of the synchro rotor is therefore 
rmined by the position of the fluxgate with 
>ect to the earth's magnetic field; con- 
lently, when the aircraft turns, changing 
azimuth relation of the fluxgate to the 
:h’s magnetic field, the synchro rotor and 
ched indicator pointer are turned by the 
iction motor through the same angle in the 
le direction. When the synchro rotor reaches 
null position, the master indicator shows 
magnetic heading of the aircraft. A trans- 
ing magnesyn, which is also turned by the 
ction motor, provides controlling voltages 
re mote-indicating repeaters. 

-LYSIS OF AZIMUTH STABILIZATION 

i simplified schematic of the azimuth sta- 
lation section of the radar that will be used 
lis analysis is shown in figure 10-11. The 
TER INDICATOR of the fluicgate compass 
3m contains the transmitting synchro used 
this azimuth stabilization system. The 
: of the transmitting synchro is mechanically 
led to the shaft that drives the pointer of 
naster indicator. As the aircraft changes 
eading, the rotor correspondingly changes 
ion at a one-to-one ratio. The stator of the 
imitting synchro is electrically coupled to 
contacts of relay K2101. This relay is 
fized by the operation of the bearing switch 
ie control unit of the radar system. By 
ring to figure 10-11, it can be seen that 
1 must be energized before the output of 
transmitting synchro can be utilized in 
-ization. 


The ZERO SET SYNCHRO is utilized to zero 
set the PPI sweep position when the output of 
the transmitting synchro is not used, which is 
during relative bearing operation. The stabiliza¬ 
tion system will first be described as it relates 
to relative bearing operation; later it will be 
shown how azimuth stabilization is provided 
when the transmitting synchro of the aircraft 
compass system is connected to the azimuth 
followup synchro. When on relative bearing 
operation, the indicators are nonstabilized and 
the top of the indicator represents the heading 
of the aircraft; the targets are displayed with 
respect to the heading of the aircraft. The 
rotors of the zero set synchro and the trans¬ 
mitting synchro of the fluxgate compass are 
supplied excitation voltage from the same source. 
The zero set synchro is adjusted manually. 
Its positioning will be discussed later. 



stabilization. 


The stator of the AZIMUTH FOLLOWUP 
SYNCHRO is electrically coupled to either the 
stator of the transmitting synchro in the flux¬ 
gate compass, or the stator of the zero set 
synchro. The stator that is used for coupling 
depends upon the position of K2101. The rotor 
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of the followup synchro is mechanically con¬ 
nected to the azimuth torque motor and the 
secondaries of the azimuth sweep synchro. The 
phase relationship between the rotor of the 
transmitting synchro or the zero set synchro 
determines the amplitude and polarity of the 
signal developed at the rotor of the followup 
synchro. When, for example, the rotors of the 
followup and the zero set synchros are 90 
degrees displaced, as shown in figure 10-11, 
there will be no signal at the rotor of the 
followup synchro. If, however, the zero set 
rotor is turned 10 degrees, an error signal will 
be induced into the rotor of the azimuth followup 
synchro. The amplitude of the error signal 
produced will be dependent upon the amount of 
displacement between the rotors. The polarity 
or phase of the signal will depend upon the 
direction of displacement. The error signal is 
fed to the servoamplifier input of the true 
bearing amplifier which drives the azimuth 
torque motor. 

The AZIMUTH TORQUE MOTOR is a 2-phase 
induction-type motor. The fixed voltage winding 
of this motor is connected to the same power 
source that supplies the rotors of the trans¬ 
mitting and the zero set synchros. The control 
winding is connected to the output of the true 
bearing amplifier. The amplitude and phase of 
the error signal applied to the control winding 
depend upon the amount and direction of dis¬ 
placement of either of the two exciting rotors 
(zero set or transmitter). The azimuth torque 
motor turns in a direction that is determined 
by the phase relationship of the voltages applied 
to these two windings. Since the torque motor 
is mechanically coupled to the azimuth followup 
synchro rotor, as it turns, it drives the follow¬ 
up rotor to a new null relationship with the 
rotor of the zero set synchro. As the rotors 
once again approach their 90-degree relation¬ 
ship, the amplitude of the error signal de¬ 
creases, thus decreasing the amplitude of the 
voltage applied to the control winding of the 
torque motor. When the rotors of the zero set 
and the followup synchros are once again dis¬ 
placed by 90 degrees, there is no longer a 
signal applied to the control winding and the 
torque motor stops. As previously stated, the 
azimuth torque motor also turns the secondaries 
of the azimuth sweep synchros; thus, shifting 
the position of the azimuth sweep secondaries 
changes the position of the sweep on the in 
dicators. For example, assume that the antenna 
is in a dead ahead position, with the sweep 


pointing to the top of the indicator. Then, by 
adjusting the zero set synchro to a setting of 10 
degrees, which shifts the sweep secondaries 
by 10 degrees, the sweep position would move 
to 10 degrees. 

The primary (rotor) of the azimuth sweep 
synchro is mechanically coupled to the antenna; 
thus, when the antenna rotates, the primary 
winding is also rotated. The primary winding 
is supplied with sweep voltages from the radar 
synchronizer. These voltages are induced into 
the secondary coils with a variation of phase 
and amplitude for each coil, depending upon i s 
instantaneous angular relationship with the pr - 
mary. The secondary voltages are appliedtotne 
vertical and horizontal coils of the PPI indicator. 
By means of these voltages, the angular de¬ 
flection of the sweep trace on the PPI indicator 
is controlled in accordance with the instan¬ 
taneous azimuth position of the radar an enna. 

The example cited previously utilized tn 
movement of the zero set synchro (“J 11 
adjustment) to move the secondaries i o 
azimuth sweep synchro and hence tn 
sweep. The same comparison may be ma 
the transmitting synchro. This synchro c 
as the heading of the aircraft changes a* 
action coupled with the operation of the y 
just discussed is the analysis of a 
stabilization. 


COMPARISON OF THE TRUE AND RELATIVE 
BEARINGS 

As already explained, changing the surer aft 

heading changes the positions of . a 
secondaries of the azimuth sweep W . 
This occurs on azimuth stabilization ^ 
the change is automatic. On manua 
the only change that can be made is y ^ 

the position of the zero set synchro. t0 

not stabilization, for it has no relations^P gt 
the movement of the aircraft. The tive 
synchro is adjusted on manual or 
bearing operation. The antenna is s ®.. zer0 
degree with respect to the aircraft an s 
set synchro is adjusted until the sweep 

at the dead ahead position. witlitb® 

During relative bearing operation, 
azimuth indicating device at the top of ^ 
and targets appearing thereon, a change^ 
bearing of the aircraft will result in , qira ble 
of position of targets. This is an un ^ 
feature due to the fact that during the 
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irgets are shifting position they are hard to 
bserve on the indicators. See figure 10-12 (A) 
Dr a visual explanation of this condition. The 
Dp of the scope indicates the heading of the 
ircraft and all targets are displayed relative 
d this heading, thus on relative bearing opera- 
ion the top of the indicator indicates the heading 
f the aircraft. In other words, when the aircraft 
3 heading north, the top of the scope is north, 
/hen the aircraft is heading in any particular 
irection, the top of the scope is also that 
irection. 


WHEN TURNING NOTE POSITION 
THE TARGETS MUST SHIFT 

INDICATORS 



AZIMUTH INDICATING 
DEVICE 



1# MAP A F APT A i 


»Vl A • Ur AKC A 

i_i 


(A) 


FLUXGATE COMPASS 


^3 


WHEN TURNING NOTE THAT ONLY AZIMUTH 
INDICATING DEVICE CHANGED POSITION^ 

/^FV-AZIMUTH INDICATING-t^^V^ 
(• r *1 DEVICE j 

V INDICATORS 


• • 

• • 


m MAP OP ADC A—4 

• • 

a a 

#V» A r 1 K t A ™ 

w w 


(B) 


O FLUXGATE COMPASS 

Figure 10-12.-Comparison of relative and 
true bearing operations. 


secondaries will also change a like amount. 
Refer to figure 10-12 (B) for a comparative 
analysis of true bearing operation. 

In this operation the azimuth indicating de¬ 
vice, as on relative operation, represents the 
heading of the aircraft (providing the marker 
control on the radar control box is set to zero 
degree). The action of moving the sweep sec¬ 
ondaries to correspond with changes in the 
heading of the aircraft causes the azimuth 
indicating device to shift. Hence, the azimuth 
indicating device will always indicate the heading 
of the aircraft and, when on true bearing 
operation, the top of the scope always indicates 
north (providing the marker control on the 
radar control box is set to zero degree). As the 
aircraft changes its heading, the targets remain 
in their position on the scope and only the 
azimuth indicator moves. Thus, the targets 
remain fixed, are always visible, and their 
relationship to the aircraft can be checked 
with the azimuth indicating device. 

The top of the indicator represents magnetic 
north when the VARIATION is not set in, and 
true north when the variation has been set in. 
Variation is the angle between magnetic north 
and true north and differs at different points 
on the earth. The number of degrees of variation 
may be obtained from navigational charts. Some 
compass systems provide a means whereby 
variation may be added into the system; thus 
the compass will then indicate true north and a 
radar slaved to the compass will also indicate 
true north. In some aircraft installations that 
are equipped with a compass that does not pro¬ 
vide this correction feature, a variation dif¬ 
ferential generator is included. This generator 
is connected between the transmitting synchro 
of the compass and the azimuth followup synchro 
in the radar. By adjusting this generator to the 
local variation it is possible to correct the 
radar to true north. 


TRUE BEARING AMPLIFIER 


The fluxgate compass controls the position 
the sweep on the indicators during true 
aring operation. As the fluxgate compass 
Hows the aircraft’s changes in heading, the 
ror signals coupled to the azimuth stabiliza- 
>n system change the position of the sweep, 
lese changes in position occur at a one-to-one 
tio. Thus, if the aircraft heading changes a 
rtain number of degrees, the sweep 


(Refer to fig. 10-13.) The input to the true 
bearing (servo) amplifier is obtained from the 
rotor of the azimuth followup synclu-o. This 
error signal is applied across resistor R1 
(sensitivity adjustment) which is paralleled by 
the primary of input transformer Tl. The 
amplitude of this signal is determined by the 
amount of change in the aircraft heading, and 
the phase is determined by the direction of the 
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TRUE BEARING CONTROL CIRCUIT 



change. The signal is transformer coupled to the 
grids of VI which is the true bearing amplifier 
discriminator. The signals on the grids of VI, 
due to the transformer action, will always be 
180 degrees out of phase. The plate voltages, 
due to the transformer connections, are always 
in phase. Thus, the grid that is in phase with 
the plate will determine which half of the 
duodiode conducts the hardest. 

When the grid and plate of VI (A) are in 
phase, its conduction charges the capacitors in 
the plate circuit. The plate current circuit is 
from the plate of VI (A) through the source 
potential winding, plus to minus, then up through 
resistor R5. The current flowing through R5 
develops a negative voltage at the bottom and 
charges capacitor C6. C6 in conjunction withC5 
provides an a-c filter path to ground The 
current flows from the junction point to re 
sistors R4 and R5 back to the center tan of 
transformer Tl. The path is then completed 
back to the cathode through the resistor R2 and 
the balance pot R3. During this same time 
although VI (B) has its grid negative and plate 
positive, it may still conduct a little Its con 
duction path from the plate through the source 


potential causes current to flow through re¬ 
sistor R4 and develop a negative voltage attne 
top of R4. The negative voltage developed a 
the bottom of R5, however, far exceeds 
negative voltage developed at the top o • 
Thus the voltage measurement from R5 i sne J. 
tive to positive. The voltage thus devel0 ]*L s 
coupled to the grids of the output control • 

The grid of V2 (B) is more negative than 
grid of V2 (A). Any portion of the a-c signa^ c6 
filtered out through capacitors C4, to, 
is coupled through C7 and C8 to the gr 
V2. In addition, the d-c signal developed * 

R6, R7, R8, and R9 is taken from thejunc 

of the resistors and also applied to the gr • 
Hence, the grids contain both a-c an 
components. . fher 

When the amplitude of the signal on e 
grid is too great, grid current is draW ”’ le 
limits the conduction of the tube. For. eX L ic j of 
when the amplitude of the signal on the F. 
V2 (A) is excessively positive, S rid ® t0 
will flow through RIO and Rl2, thus a 
the bias on V2 (A). 

The cathode of V2 is tied directly tog* - n 
The voltages applied to the plates of 
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hase and conduction depends upon the grid 
ignals that are developed in the discriminator 
ircuit. In the case cited previously where 
1 (A) conducted the hardest, the voltages 
iveloped in the output resistors made the grid 
V2 (B) most negative. Under these conditions, 
e current flowing through the plate windings 
the bottom control winding of the SATURABLE 

EACTOR assembly, T2, will be less than the 
irrent flowing through the upper winding. The 
irrent flowing through the control windings 
the saturable reactor assembly determines 
e amount of output signal developed. 

The center winding or primary of the 
turable reactor assembly is excited by 115 
Its a. c. The coupling from the primary to 
? output or secondary windings is controlled 
the conduction through the control windings, 
e control winding with the least current flow 
ows the greatest coupling from primary to 
:ondary. The output windings are wound in 
nes opposing. Capacitors C9 and CIO serve 
filter the a-c component and give a fairly 
istant current flow through the control wind- 

a 


s. 


SWEEP 
SECONDAR Y 


MAXIMUM 

COUPLING TO THIS WINDING 


hi the case cited previously, since V2 (B) is 
conducting the least, the saturation of the bottom 
section of T2 is less than that of the top section. 
Un ^ r ! he J e conditions the voltages developed 
m the bottom output winding far exceed those 
de veloped m the top winding. The polarity of the 
voltage taken from the output of the saturable 
assembly will be the same as that from the 
bottom winding. This voltage is applied to the 
contro 1 winding of the azimuth torque motor. 

The rotor of the AZIMUTH TORQUE MOTOR 
is mechanically connected to the secondaries 
of the azimuth sweep synchro and the rotor of 
the azimuth followup synchro. The motor then 
drives the followup synchro rotor to a new null 
relationship with the rotor of the transmitting 
synchro, or zero set synchro, depending upon 
the position of K2101. One secondary winding 
of the AZIMUTH SWEEP SYNCHRO (resolver) 
is connected to the vertical winding of the 
deflection system, and the other is connected 
to the horizontal deflection winding. 

See figure 10-14 for a descriptive analysis 
of changes in the azimuth stabilization system 
when the aircraft heading is changed. With the 

VERTICAL 
WINDING 


SWEEP 

output / 

r^rY 

a 

FROM SYNC? 




SWEEP SECONDARY 
NO SIGNAL 



SWEEP 
POSITION 
VERTICAL 


HORIZONAL WINDING 


/ANTENNA\ 

DEAD AHEAD AZIMUTH TORQUE MOTOR 

CA) 



SWEEP 
OUTPUT 
FROM SYNC 

''antenna' 
dead ahead 

AZIMUTH TORQUE MOTOR 


VERTICAL 

WINDING 


SWEEP 
POSITION 
90 DEGREES 


(B) 


HORIZONAL WINDING 

SWEEP SECONDARY 
MAXIMUM COUPLING 
TO THIS WINDING 


Figure 10-14.—Analysis of changes in an azimuth stabilization system. 
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antenna stopped in the dead ahead position, as 
shown in (A), an error signal is applied to the 
true bearing amplifier which causes the azimuth 
torque motor to turn. The sweep secondaries 
are then driven in a direction corresponding to 
the change in the transmitting synchro rotor, as 
shown in (B). When the aircraft changes its 
heading, the sweep position on the PPI scope 
will change accordingly. 


Tilt Stabilization 

The PURPOSE OF TILT STABILIZATION is 
to stabilize the tilt angle of the antenna of a 
radar system with respect to the earth. If the 
antenna is left unstabilized, when the aircraft 
changes its flight angle the antenna follows this 
change. If the antenna is dead ahead with 
respect to the aircraft and the plane begins a 
climb, the antenna will point up, thus losing 
targets. If, on the other hand, the antenna is 
pointing to port or starboard and the aircraft 
rolls to either side, the target returns will 
again be lost. If the antenna is stabilized with 
respect to the earth then the target loss, due to 
changes in the attitude of the aircraft, will be 
minimized. For example, assume that the 
antenna is pointing dead ahead in relation to 
the aircraft and the aircraft goes into a climb; 
if the antenna is stabilized, it will tilt down 
and maintain a constant angle with respect to 
the earth. The same holds true if the antenna 
is pointing to port or starboard and the aircraft 
is rolling; the antenna will tilt up or down, 
maintaining the constant reference with respect 
to the plane of the earth. 

The stabilization range of the radar set 
which will be used for this explanation, is such 
that if the TILT control is set for 0, the beam 
is maintained at this angle for aircraft pitch or 
roll up to plus 30 degrees or minus 30 degrees 
If the TILT control is set for other beam 
angles, these limits vary accordingly. 

The tilt-stabilization system consists of a 
gyroscope, servoamplifier, resolver synchro 
manual-tilt synchro, tilt-torque motor, damping- 
signal generator, and the followup synchro. (A 
diagram of this system is shown infigure 10-9) 
The gyroscope unit is separately mounted on 
the aircraft structure, and the resolver synchro 
and the servoamplifier are mounted on the 
antenna-assembly frame. The tilt-torque motor 
damping-signal generator, and followup synchro 
are contained in the tilt-servo unit mounted on 


the rotary section of the antenna assembly. 
The manual-tilt synchro is mounted in the radar 
set control box. 

Stabilization is effected by the use of two 
signals, the resolver-synchro signal and the 
manual-tilt synchro signal. Separate pitch and 
roll signals originating in the gyroscope unit 
are combined in the resolver synchro to produce 

the single resolver-synchro signal. The manual- 

tilt synchro signal originates in the followup 
synchro and provides the tilt-stabilization sys¬ 
tem with continuous information as to the ti 
angle of the reflector. This signal passes 
through the manual-tilt synchro in the radar set 
control box where it is modified according o 
the setting of the TILT control. The resolver- 
synchro signal and the manual-tilt synchro 
signal, which differ in phase by 180 degrees, 
are combined at the input of the servoamp > 
and the amplifier resultant, or error sip « 
used to control the tilt-torque-motor in cor¬ 
recting the tilt angle of the reflector. 


GYROSCOPE UNIT 

The gyroscope unit contains the 
its drive motor, erecting mechanism, m 
driven caging and uncaging mechanism, 
synchros. The gyro, powered by a■ ' ’ 
400-cycle, 3-phase induction motor,esta 
true vertical. The caging and imcagwK „ 
anism is electrically operated, and is 
controlled by the GYRO switch on the radar 
control. When caged, the gyro is c ( 0 

approximately vertical position with re]P 
its housing. CAGING OF THE GYR P ' ^ 

it from being damaged when the llin 
engaged in maneuvers involving P itc a 

excess of 60 degrees. The gyro develop 
normal operating speed of 18,500 r.p. •’’ 
it is UNCAGED, the rolling-ball type 
mechanism brings the gyro to true . gyyo 
and maintains it in this position. ,fhen 
should be uncaged when in use and e g GYRO 
the equipment is turned off. Althoug ^ 
switch may be in the UNCAGE po 
gyro is automatically caged when the ^ 
switch is turned off. After the eqmp . 
turned on, the gyro remains caged a ^ 
warmup period of approximately in y . 
after which time the operation of gfthe 
mechanism is dependent upon the pos . ^ 
GYRO switch. The schematic diagram 
gyroscope unit is shown in figure 10- 
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rhe PITCH and ROLL synchros in the 
)sc°pe unit deliver signals to the tilt- 
1 izati °n system in the antenna assembly 
ccordance with the departure of the aircraft 

n< these signals are used to 

ze the tilt angle of the beam with respect 
ne horizon. The rotor winding of each 
too is excited by 26-volt, single-phase, 
cycle a.c. When either of the rotors is 
aced from the null point, single-phase 
Lges are induced in the stators; the phase 
■ionships and amplitudes of these voltages 
etermined by the direction and degree of 
acement. 


The stators of the two synchros are rigidly 
attached to the gyro, at right angles to each 
other. The rotor of the pitch synchro is mounted 
with its shaft horizontal, and at right angles to 
the line of flight of the aircraft. Since the rotor 
is fixed with respect to the aircraft, and the 
stator is fixed with respect to the gyro housing, 
an a-c pitch signal is developed when the rotor 
is displaced by the pitching of the aircraft. 

The rotor of the roll synchro is also mounted 
with its shaft horizontal, but the shaft is 
parallel to the line of flight of the aircraft. 
Since the rotor is fixed with respect to the 
aircraft, and the stator is fixed with respect to 
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the rotor is die ^° U ® l ^ nal 1S developed when 
aircraft by the rollin & of the 

bines hnth -* 11 ? 16 attitude °* the aircraft com- 

are simnu P T ro11 ’ P itch and ™11 signals 
^f t “ neonsly produced by the gyroscope 

unit. These signals are fed to the resolver 
synchro in the antenna assembly. (Seefig. 10-9.) 

When displacement of the gyroscope synchros 
occurs, a torque is developed at the stator coils, 
which, if not compensated for, will cause the 
gyro to deviate from true vertical, thereby 
introducing errors into the reflector angle of 
stabilization. To counteract this effect, a bal¬ 
ancing coil connected to a load resistor is 
mounted along with the stator of each synchro. 
When displacement of the rotor occurs, the 
magnetic field developed about the balancing 
coil causes a torque in the direction opposite 
to that already exerted on the stator, thus 
insuring stability of the gyro. The gyroscope 
unit is mounted on the aircraft structure and is 
provided with a reference base plate which is 
adjusted to a plane parallel to that of the 
antenna platform. The component is also pro¬ 
vided with a sighting surface to permit aline - 
ment parallel to the lubber line of the aircraft. 


and 


RESOLVER synchro 

Within the resolver synchro, the pitch 
fci signals from the fryro are combined by 

r0 “ ?J? in a rotor coil that is geared to the 
induction in gcanI , er with which it rotates 

rotary head “'TattoXcause of this mechani- 
in a one-to .. resultant rosnlvpr-synchro 


in a ,. „ 

cal coupling 


the 


— ; in tilt stabilization experiences the 

signal used in t thr0 ughout the scanning cycle 

proper 7 arI f‘'°"i”ted reflector tilt angle with 
to maintain rcra ft for every azimuth posi- 

respect to th Thg net effect of tilt 

tion ° f * ™ is to maintain a fixed predetermined 
stabilisation is t ^ reflector and the true 
angle of ^ aircraf t experiences the 

^i°variationsofnormalflight. vei ^ 

USU The P‘ tch a, le fed Wo the separate stator 


other. 


The o* re fiector is 

that when • nr-xft causes maximum pitch 
Aching of the air H^n toe rotor of the resolver 
Pi tnal to be ind “ ced the reflector is directed to 
synchro, and Starboard, rolling of toe air- 
extreme P° 


craft causes maximum roll signal to be induced 
in the rotor of the resolver synchro. At Inter¬ 
mediate positions of the reflector, combinations 
of both pitch and roll signals are induced in the 
rotor. One of these voltages may be either 
aiding or opposing the other, according to the 
attitude of the aircraft, with respect to the 
aximuth position of the reflector. 


SERVOAMPLIFIER 

The SERVOAMPLIFIER amplifies the error 
signal resulting from the combining of the 
manual-tilt synchro signal and the resolver- 
synchro signal, and controls the voltage to the 
tilt-torque motor, which corrects the tilt angle 
of the scanner. 

The servoamplifier uses two resistance- 
coupled amplifiers, followed by a phase- 
discriminator stage and a pair of d-c amplifiers 
working into a saturable-reactor assembly. The 
output of the phase-discriminator stage, ampli¬ 
fied by the d-c amplifiers, controls the a-c 
voltage that drives the tilt-torque motor. The 

direction of drive, which determines direction of 
tilt, is governed by the phase relationship be¬ 
tween the exciting voltage and the control 
voltage of this motor; this relationship is, in 
turn, dependent upon the phase relationship 
between the motor-exciting voltage and the 
error voltage at the input of the servoamplifier. 

The scanner is maintained at an angle of tilt 
with respect to the horizon. This angle is de¬ 
termined by the setting of the TILT control. 
This condition is achieved by combining tn 
signal from the manual-tilt synchro with 
one from the resolver synchro at the input 
the servoamplifier. (See fig. 10-9.) The sipwi 
from the manual-tilt synchro is applied to 
side of the ratio nntentiometer, Rl> m 
signal from the 


potentiometer, Ri> 311(1 

signal irom me resolver synchro is app^ 
through resistor R2, to the opposite 

of the same potentiometer, whence ty 

combined in the servoamplifier. 
signals are 180 degrees out of P has ®; her Wh en 

of equal amplitude they c ff cel ®^e is no control 
this cancellation is complete, there is ^ 
voltage for the tilt-torque mo ’ canne r. 
sequently no tilt action is aPP liedta ; a ® synC hro 
Whenthe aircraft rolls, here solver-syn ^ 

signal is altered ln /^Sl^fhead or aft (* 
scanner is not directed de whenth® 

zero degree or 180 degrees MtaMW gign al is 

aircraft pitches, the resolver-synchro 
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altered in amplitude, provided the scanner is 
not greeted at 90 or 270 degrees relative 

. A ®. a result » the resolver-synchro 
signal and the manual-tilt-synchro signal no 
ionger cancei, and an error signal is developed 
at the input of the servoamplifier. After ampli¬ 
fication, this error signal is applied to a phase 
discriminator, which determines from the phase 
of the signal whether the reflector must be 
tuted up or down in order to correct for the 
roll, pitch, or combination of the two that has 
]ust caused the error signal. The output of the 
phase discriminator drives the proper tilt- 
servocontrol tube, which then applies the con- 
trol voltage to the tilt-torque motor by means 
of a saturable reactor. As the tilt-torque motor 
corrects the scanner tilt angle, the rotor of the 
ollowup synchro, which is coupled to the tilt- 
torque motor, is turned in such a direction that 
he manual-tilt synchro signal changes in ampli¬ 
tude to compensate for the change in the 
resolver-synchro signal. When these two signals 
lancel again, the necessary correction to the 
eflector tilt angle has been accomplished, and 
ne tilt-torque motor stops. 

The ratio potentiometer, Rl, balances the 
signals from the manual-tilt synchro and the 
:^ er synchro to compensate for possible 
oviation from the true horizontal of the 
unting plane of the gyroscope unit. 

This servoamplifier functions similarly to 
e one discussed under “Azimuth Stabilization” 
is chapter, in that the error voltage controls 
ie saturabie reactor which provides the variable 
oltage for the control winding of the tilt- 
>rque motor. (See fig. 10-9.) 

■ "2? ^-stabilization system one winding 
.. e TILT-TORQUE MOTOR is continuously 

ccited by 115 volts a.c. The other winding, 

>ed to control the starting and operation of 
e motor, is supplied from the saturable 
■actors with a-c voltage developed whenever 

nJOF 0 * Slgnal is am P!ified by the servo- 
plmer. The motor torque is obtained by 
oviding^ approximate^ 90 degrees phase dif- 
nce between the control voltage and the 
ation voltage, by means of capacitor CIO 
ls shunted across the control winding. 

« speed of the motor is dependent upon the 
pntude of the control voltage, which in turn 
dependent upon the action of the TILT control, 

■ stabilization, and damping. 
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MANUAL-TILT CONTROL 

The scanner tilt angle is controlled by the 
tilt synchro in the radar set control and is 
adjusted by means of the TILT control. The tilt 
synchro is connected with the followup synchro 
in the tilt-servo unit. Supplied with a steady a-c 
voltage, this synchro circuit develops the 
manual-tilt-synchro signal in its rotor to control 
the tilt angle of the beam with respect to the 
angle of tilt stabilization (approximate horizon). 
The signal from the manual-tilt synchro is fed 
to the input of the servoamplifier, where it is 
combined with the resolver-synchro signal. 
Control of the scanner tilt angle is therefore 
dependent upon the resultant sum of these two 
voltages, and is accomplished through the sys¬ 
tem used for tilt stabilization, as just described 
If the resolver-synchro signal is switched off 
by means of the STAB-UNSTAB switch S2 on 
the servoamplifier, the beam-tilt angle is then 
established only with respect to the aircraft. 

FOLLOWUP SYNCHRO 

The followup synchro and the manual-tilt 
synchro develop the manual-tilt-synchro signal. 
The followup synchro is located in the tilt-servo 
unit of the antenna assembly. The rotor of this 
synchro is mechanically coupled to the tilt 
mechanism so that the rotor movement occurs 
in synchronism with the tilting of the scanner. 
The stator windings of the followup synchro are 
connected to the stator windings of the manual- 
tilt synchro in the radar control unit. The rotor 
of the followup synchro is supplied with 26-volt, 
400-cycle, single-phase voltage. Voltages of 
unequal amplitude are induced in the stator 
windings (fig. 10-9). These voltages are re¬ 
produced in the stator windings of the manual- 
tilt synchro in the radar set control. When the 
rotor position of the manual-tilt synchro is such 
that its signal cancels the re solver-synchro 
signal and produces a null at the input of the 
servoamplifier, no control voltage is developed 
for the tilt-torque motor and the scanner tilt 
angle is not changed. When the rotor is dis¬ 
placed from this position in either direction by 
resetting the TILT control for a new beam tilt, 
one signal becomes larger than the other, 
cancellation is no longer complete, and there¬ 
fore an error signal is developed which causes 
the servoamplifier to develop a control voltage 
for the tilt-torque motor. As the motor drives 
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2 couriw f ^ r ? K quiredtut angle, a mechani- 
the fniwf fr ° m u he motor turns the rotor of 

synchro ^- SynChr °* ^ the manual-tilt 
cancels the resolver-synchro 
signa 1 at the input of the servoamplifier, the 
tUt-torque motor stops, the beam-tilt angle thus 
obtained is determined with respect to the 
horizontal. 

The function of the DAMPING-SIGNAL GEN¬ 
ERATOR that is used with this system of tilt 
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stabilization has already been explained in this 
chapter in connection with Antihunt Devices. 5 
is of interest to note that the hunting of the 
scanner in this equipment is held to a maximum 
of plus or minus one-half degree of tilt about 
the angle of stabilization. This, as you can 
easily understand, is a very close tolerance of 
error and thus, hunting is adequatelyeliminated 


QUIZ 


1. Which of the following statements best 
describes a servomechanism system? 

a. A system for transmission of angular 
information 

b. A power amplifier to supply a split- 
phase induction motor 

c. An error indicating system to show the 
displacement of one shaft from another 

d. A' system that transmits angular in¬ 
formation with an amplification of power 

2 The component of the servoamplifier in 
figure 10-4 that transforms the a-c error 
signal into a d-c signal is the 

a. sense detector 

b. a -c amplifier 
c d-c amplifier 

d’. modifying network 

wth reference to figure 10-7. when the 

3 . With reie ^ terminal 3 of T1 is of the 

same polarfty as the reference voltage at 

terminal 3 of T4, wm conduct an d the 

a ‘ tout at terminal 6 of T2 will be in 
°“ tp „ with the reference voltage 
pha ® V3-A will conduct and the 

b * ^t'out at terminal 6 of T2 will be 180 
degree out of phase with the reference 

voltage _ in CO nduct and the 

c V4 'A f ° a r t terminal 6 of T2 wiH be 18 0 

degrees out of phase with the reference 

voltage * w iH conduct and the 

d. V4-B °* terminal 6 of T2 will be in 

phase^vTith the reference voltage 

hunts up and down continuously. 

4. The anten To- h 9.) To correct this condition 

(See fig- 

Tii up 

b * Si" to°£ right 

S'. SI to the left 


A block diagram of servo controller com¬ 
ponents would always include a/an 

a. modulating device 

b. vacuum tube device 

c. phase sensitive device 

d. electromechanical generating device 


The main disadvantage of using a multiple - 

speed error detector is 

a. the need of an additional synchro sys¬ 
tem and switching circuit 

b. that they tend to be inaccurate 

c. the possibility of locking-in on an in¬ 
correct position 

d. that the mechanical complexity is im¬ 
practical 

The plates of the diodes (fig. 10-5) are fed 

a. push-pull by the reference voltage an 
push-pull by the error voltage 

b. push-push by the reference voltagean 
push-pull by the error voltage 

c. push-push by the reference voltagea 
push-push by the error voltage 

d. push-pull by the reference voltage 
push-push by the error voltage 

The purpose of feedback as used 

servomechanism (fig. 10-8) is 0 

a. cancel hunting , rrTier for 

b. position the control transformer 

zero error signal . s 

c. turn control transformer state 

d. cancel error signals 

Which one of the following an !jg U ” era tion? 

utilizes a resonant circuit in 

a. The limiter type 

b. The inertia damper type 

c. The damping signal 

d. The derivative type 
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In a servomechanism system, the controller 
is the 

a. synchro transmitter 

b. error indicator 

c. servoamplifier 

d. feedback device 


To prevent overshoot in a servomechanism, 
without sacrificing accuracy and speed of 
response, it is a good idea to 

a. apply some additional friction to the 
output shaft 

b. reduce the gain of the servoamplifier 

c. utilize a damping signal generator 

d. utilize an inertia damper on the output 
shaft 


In figure 10-5, the speed of rotation of the 
load is determined by the 

a. relative polarities of the error and 
reference voltages 

b. magnitude of the reference voltage 

c. phase of error voltage 

d. d-c voltage charge on Cl or C2 


In figure 10-5, the direction of load rotation 
is determined by the 

a. relative polarities of the error and 
reference voltages 

b. magnitude of the reference voltage 

c. phase of the error voltage 

d. magnitude of the error voltage 

The purpose of azimuth stabilization is to 

a. facilitate determination of relative 
bearing of targets 

b. facilitate low altitude bombing 

c. allow targets to change position as your 
heading is changed 

d. maintain the top of the indicator at true 
or magnetic north 


What would be the output from the true 
Jearing amplifier circuit (fig. 10-13) if R1 
sense pot) was moved all the way down? 

a. Zero 

b. Constant phase and amplitude 

c. Constant phase with varying amplitude 

d. Varying phase with constant amplitude 

he error detector is usually a 

a. differential generator 

b. synchro control transformer 
synchro transmitter 

i. magnesyn 


17. The balance control in a servomechanism 
is adjusted 

a. for the fastest response without hunting 

b. for a maximum output when no error 
signal is applied 

c. to compensate for variations in line 
voltage 

d. for zero output when no error signal 
is applied 

18. With no error voltage applied to T2 (fig. 
10-6), the exciter field flux would be 

a. in phase with the reference voltage 

b. maximum in intensity 

c. minimum in intensity 

d. varying in intensity 

19. When a two-phase servomotor is used to 
position a load, the voltages supplying the 
two field windings should be 

a. 180 degrees out of phase 

b. in any phase relationship 

c. in phase 

d. 90 degrees out of phase 

20. The purpose of the zero set synchro (fig. 
10-11) is to 

a. electrically zero the synchro system 

b. aline the sweep on the indicator with 
the antenna on relative bearing opera¬ 
tion 

c. correct for compass error on true 
bearing operation 

d. aline the sweep on the indicator with 
the antenna on true bearing operation 

21. The component of the tilt stabilization sys¬ 
tem (fig. 10-9), which interprets the amount 
of correction to be applied in order to 
correct the antenna’s position in a vertical 
plane to coincide with its position in the 
azimuth plane, is the 

a. resolver synchro 

b. followup synchro 

c. manual tilt synchro 

d. servoamplifier 

22. What is the purpose of tilt stabilization? 

a. To keep the antenna pointing dead ahead 
of the aircraft 

b. To prevent the antenna from follow¬ 
ing changes in flight angle 

c. To allow the antenna to follow changes 
in flight angle 

d. To prevent loss of targets when ma¬ 
neuvering by stabilizing the aircraft 
with respect to the earth’s surface 

23. Inertia dampers are used on 

a. synchro transmitters 

b. synchro control transformers 

c. control transformers 

d. differential generators 


331 


Digitized by LjOoq le 


SlONmi 30 XiiSUa/Vvi'iCV 











CHAPTER 11 


TRANSISTOR CIRCUITRY 


TRANSISTOR PRINCIPLES 


The material presented in this chapter sup¬ 
plements that in the training course, AT 3 & 2, 
NavPers 10317-A. The theories of matter struc¬ 
ture and transistors presented here utilize dif¬ 
ferent approaches and deeper coverage than is 
found in AT 3 & 2, and will give a more detailed 
understanding of those subjects. The objective 
of this chapter is to acquaint you as thoroughly 
wi th transistors and their several uses as you 
Tre now acquainted with vacuum tubes, and to 
enable you to think of them with the same ease. 

Conduction Through Semiconductors 

a semiconductor is a material having a con- 
j , A „-tv lower than that of a conductor but higher 
ductmty 1 insulator. For example, a ger- 
than that of a purest state acts as an 

manium cryst 1 s £ all am0 unt of impurity 

inS a la farsenic 13 added to it, the crystal be- 
g U ch as * . f tory conductor, 
comes a S 2 duc tors used in transistors in- 
The semic °"; silicon. A new concept 

elude ^ e f fender stand the somewhat unexpected 
performance of these materials. 

Atomic Structure 


rtc»w of the atomic structure of 
bri ef revie « b0 helpfulln understand- 

talline 

formal state) consists of a 
ji atom (m lts nntainin g a fixed number of 
fve » ucleUS rie C d by a” equal number of elec- 

•)ns surrounded by leyels< Each or bit can 

, in various or fixed num p er of elec- 

lin not more th nS this fixe d maxi- 

f. Wh« n ^eSons,iti3saidtobecom- 

, number 


plete. In atoms, the inner orbits are complete; 
whereas, the outer orbits may be incomplete. 
The innermost (complete) orbits, together with 
the core, form a stable “ionic core” with a net 
positive charge. The core can be considered 

completely inactive as far as chemical reactions 
and electrical phenomena are concerned. Only 
the outermost ring of electrons determines the 
chemical and electrical characteristics of the 
substance. 


Valence Bonds 

Electrons in the outer orbits of atoms form 
VALENCE BONDS between adjacent atoms. 
These bonds, which hold the atoms rigidlyj” 
place in solid crystalline substances, are stable 
for certain given numbers of electrons in tne 
outermost ring. For example, the bond is es¬ 
pecially stable when it contains precisely wo 
electrons. The bond is weakened when 
electron is .removed; it is not strengthen 
when a third electron is added. 

The elements carbon, silicon, and g 
ium, have the common property o 
valent; that is, only four of their outer 
are able to enter into chemieal reaction^ 
four valence electrons form bo” rmacr ystol 
electrons from adjacent atoms * , AT nCE, 

structure known as the DIAMOND 
(crystalline form of carbon, silico ’ “ def U 
manium). The atoms are arranged to i ^ 
pattern as indicated in 
of an atom is known as a latt *° e 1 ' lat Hce » 

The three-dimensional diamond lona ifor» 
figure 11-1 is redrawn b 
in figure 11-2. FigureH- 1 ( ' is shared, 
each bond between adjaeen Therel®* 

resulting in a stable covalent bonm ^ l0 

every electron is tightly bound an 
leave the '‘lattice” structure 
explains why the diamond is a g 
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figure 11-1.—Three-dimensional diamond 
lattice. 



+ 4 IN CORE OF 
CARBON ATOM 


'“V 


VALENCE-- 

ELECTRONS 


(B) NEUTRAL ATOM 


Figure 11-2.—Simplified diamond 
lattice. 


5 11-2(B) illustrates the fact that each 
with its share of valence-bond electrons, 
:trically neutral. 


Conductivity can be produced in a diamond 
in several ways, all of which involve destroying 
the perfection of the valence-bond structure. 
One way is to bombard the diamond with high- 
energy radiation, which breaks the bonds and 
causes electrons to be ejected from them. The 
bonds in silicon and germanium are weaker than 
diamond bonds and can be broken by heating. 
The increase in thermal agitation causes the 
bonds to break. 

If a sample of germanium or silicon with 
broken bonds is subjected to a voltage, two 
kinds of current will flow. The ejected elec¬ 
trons move through the crystal from the nega¬ 
tive terminal to the positive terminal, thus 
constituting ordinary conduction (electron) cur¬ 
rent. The second current (hole current), how¬ 
ever, results from the motion of electrons 
from one valence bond breaking away to fill 
up the hole caused by the absence of an electron 
from an adjacent bond. Thus, holes seem to 
move in a direction opposite to that of electron 
flow. Because the hole is a region of net positive 
charge, the apparent motion is like the flow of 
positively charged particles. 

These two currents are called electron cur¬ 
rent and hole current. If a suitable ‘ 'impurity'' 
is added to the semiconductor, the resulting 
mixture can be made to have either (1) an excess 
of electrons, thus causing more electron cur¬ 
rent, or (2) an excess of holes, thus causing 
more hole current. 


Impurity Donors and Acceptors 

If arsenic is mixed with a semiconductor such 
as silicon, the application of a voltage across the 
resultant crystal will produce more electron 
current than hole current. This action results 
from the fact that each atom of arsenic with 
five valence-bond electrons, when introduced 
into silicon as a low-fraction impurity, occupies 
the position of one atom of silicon at a lattice 
site and forms four co-valent bonds with the 
surrounding silicon atoms, utilizing four of its 
valence-bond electrons. The extra electron, 
however, cannot fit into any of the bonds and 
is free to move inside the crystal. A semi¬ 
conductor with excess electrons such as silicon 
with arsenic is called an N-type substance be¬ 
cause the current carriers are negative elec¬ 
trons. Arsenic, phosphorous, antimony, and 
other impurities that make N-type semiconduc¬ 
tors are called DONORS. 
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indicated In “ N -^ e is 

prise* tho rri gU 6 1 • T he current flow com- 

corridors ° f excess electrons along 

th B d i?«- b ^ by norma Uy bonded atoms 

he lattice sites. No electrons are missing 


at 


from these atoms. 



Figure 11-3.—Conduction by electrons in 
N material. 


If an impurity such as boron is added to a 
semiconductor, the resulting mixture has an 
excess of holes. This condition results from 
the fact that each atom of boron with three 
valence-bond electrons, when introduced as a 
low-fraction impurity, occupies the position of 
10 nf silicon at a lattice site. In this 

° ne, +fnn it forms four co-valent bonds with the 
POS n,miinV smcon atoms, thereby using all 
SfTrftts valence-bond electrons and robbing 
thr electron from a neighboring atom of silicon. 
an net positive charge —-w when ai 


remaining when an 
The net a silicon atom at a 

^‘Tsite Is equivalent to a hole created by 


lattice sue ele ct r0 n. The hole can be filled by 
the musing an adjacent bond; but this 

a„ electron f where that e i ec tron came 

again leaves when a voltage is applied, the holes 

from - m move and to contribute to the con- 
appear to mu 


tnoiti 



,4. —Conduction by holes through 


. 4 - y 

Fig ur e 11 p‘_ typ e semiconductor. 


ductivity of the semiconductor. Semiconductors 
with an excess of holes are called P-type semi¬ 
conductors. Aluminum, gallium, indium, boron, 
and other impurities that make P-type semi¬ 
conductors are called ACCEPTORS. 

Conduction by holes through a P-type semi¬ 
conductor is indicated in figure 11-4. The holes 
are formed at the positive terminal by an elec¬ 
tron deficiency in the lattice-site atoms. The 
electron deficiency progresses toward the nega¬ 
tive terminal. 


Point-Contact Transistor 


The point contact between a metal and a 
semiconductor is commonly used as a rectifier, 
as in crystal detectors. Rectification means that 
the contact resistance is high for one direction 
of current flow and low for the other direction. 
The direction of the low-resistance path is that 
in which electrons flow from the semiconductor 
to the metal. 

Figure 11-5 illustrates the arrangement of a 
point-contact transistor. The base is a small flat 
square of N-type germanium crystal about 0.02 
in. thick and about 0.05 in. long. Point contacts 
are established by two phosphor bronze wires, 
each of which has a cross-sectional area of 
about 25 cir mil (wire size No. 36). The pomt 
contacts are spaced about 0.002 in. ap • 



The contact pressure betaeentl*^ ^ 
tact (cat’s whisker) and th ® fj^ducedinto 
heating of the points by c ^f n . Agity electric 
the transistor, and hi ^T w e Jo the pr<>' 
field about the points all in the in¬ 

duction of small areas ot V ' « sha dedarea* 
vicinity of the points. The sn 
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m the P material and the N material repre- 
arrier layers, which in the absence of ex¬ 
voltage, prevent the holes in the P ma- 
from moving into the N material or the 
ons in the N material from moving into 
material. 

N materials, the impurity atoms have a net 
re charge. In P materials, the impurity 
have a net negative charge. In both ma- 
5 , the impurity atoms occupy lattice sites 
rly occupied by the semiconductor atoms 
pure state. Donor materials donate (give 
ectrons, leaving their atoms with a net 
re charge. Acceptor materials accept (take 
sctrons, thereby causing their atoms to ac- 
a net negative charge. In the conduction 
3S, the current flow is the movement of 
holes or electrons along the corridors 
by the atoms at the lattice sites. 


NOTION 

the PN junction illustrated in figure 11-6 
le P material is shown at the left and the 
erial is shown at the right. The P ma- 
contains acceptor impurity atoms. These 
are represented by negative signs en- 
in circles. As mentioned before, these 
take on electrons from the pure crystal, 
j holes as the current carriers. The holes 
presented in the P material as positive 
s. The N material contains donor atoms 
ve up electrons when they become a part 
crystal lattice. The donor atoms are 
ented as positive charges enclosed in 
. The free electrons in the N material 
spresented as interspersed negative 
3 between the donor atoms, 
tormal temperature, the positive holes in 
naterial do not move across the junction 
I material because of the repelling effect 
arrier layer of positively charged donor 
: .n the N material. Similarly, electrons 
material do not move across the junction 
1 material because of the repelling effect 
>arrier layer of negatively charged ac- 
itoms in the P material, 
lall barrier voltage is developed across 
unction. This voltage is represented by 
sd batteries in figure 11-6 and is of the 
■ a few tenths of a volt. If an external 
is connected across the PN junction with 
tive terminal connected to the same ma- 
1 the negative side of the barrier poten¬ 


tial and the positive terminal connected to the 
same side as the positive side of the barrier po¬ 
tential (fig. 11-6, (B)), the barrier voltage will be 
reinforced. This connection is in the direction of 
high resistance to current flow. The effect of the 
barrier potential is referred to as a ‘‘potential 
hill.” In the P-type material, the holes are 
attracted away from the junction toward the 
negative terminal of the battery. Similarly 
in the N-type material, electrons are attracted 
toward the positive terminal of the battery. The 
counter attraction of the charges on the im¬ 
movable impurity atoms balances this action and 
stops the flow. The region close to the junction 
has all of its conduction electrons and holes re¬ 
moved, thereby becoming effectively an insu¬ 
lator. The barrier is a temporary insulator be¬ 
cause of the absence of current carriers. 

If the external battery connections are re¬ 
versed (fig. 11-6 (C)), the potential hill is over¬ 
come, or lowered. This connection is in the 
direction of low resistance. Electrons from 
the N-type material will now move across the 
junction into the P-type material; holes from 
the P-type material will now move across the 
junction into the N-type material. In both cases 
these holes and electrons will combine, with each 
electron filling a corresponding hole. Meanwhile 
new holes are created at the positive terminal, 
and more electrons are injected at the negative 
terminal as a result of the battery action. To 
maintain the flow, only a few tenths of a volt 
is required across the junction in addition to 
the resistance drop in the forward direction 
across the P- and N-type material. 

In the point-contact transistors of figure 
11-5, the emitter, E, is biased in the forward 
direction, or the direction of low resistance. 
The collector, C, is biased in the reverse- 
current direction, or the direction of high re¬ 
sistance. In transistors, the emitter is always 
biased in the forward, or low-resistance direc¬ 
tion; whereas, the collector is always biased 
in the reverse, or high-resistance, direction. 

The magnitudes of the voltages appliedtothe 
transistor are small for both the forward and the 
reverse connections. The bias voltage and the 
signal voltages are small in the emitter circuit 
in order to limit the current flow in the forward 
direction to a value that will not cause excessive 
heating of the transistor. In order to prevent 
voltage breakdown within the transistor, the 
voltage applied to the collector in the inverse 
direction (fig. 11-6 (B)) is also limited to a 
relatively small value. 
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Figure 11-6.—PN junction. 


+ , c whisker is used to develop a high- 
rhe w elecMc field, in the vicinity of the 
nSlty Jhnnt requiring the application of a 
tter wltl }^l ltaK e source. This high-intensity 

l external voltage s barrler potential 

trio field ovejcome^ ^ ^ „ ater ial. 
ve en the electrons to move 

s action an the pn junction to 

n the N ^ter the same time, allows 

p material, ana> p materia i across the 

:S to mov t e n the N material. In the external 
junction to we electron s flow from the 
■Lit of thf e . mit E te counterclockwise around 
tter contact, E, thg trans i S tor N ma- 
circuit, rf s f "b and completing the circuit 
"^Ni^Uon in ^ vicinity of E. 


HOLE INJECTION 

The bias battery for the emitter 
the transistor (fig. 11-5) overcomes the 
rier potential at the PN unction ar 
emitter point contact so that holes j(| 
material can move across the <* 

the N material at the same tune el ^ 

from the N region across the junction “' tot . 
the P region. In the collector ore*tt. ^ 
tery E , biases the transistor in* rein . 
or high-resistance, direction, cr0S sthe 

forcing the barrier potent al existing acr 
PN junction around the collecto , • mitte r 

The movement of holes from the > „ 

region into the collector region is 
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OLE INJECTION. As holes are injected into 
te collector region of the N material, they 
xert an attractive forde on the electrons, as- 
isting them across the PN barrier around the 
Elector, increasing the collector current. The 
Efect is the same as though the barrier poten- 
al were neutralized so that more electrons 
in flow across the barrier. The action is 
lalogous to that of a space charge or cloud of 
Dsitive ions in a conducting gas tube. The 
Dsitive ions neutralize a portion of the nega- 
ve space charge around the cathode, thereby 
icreasing plate current. In the transistor, the 
Dies attract additional electrons across the 
Dllector PN barrier and increase the flow of 
Dllector current. 


URRENT GAIN 

The ratio of change in collector current to 
lange in emitter current for a constant col- 
ctor voltage is the current gain (a) of the 
ansistor. For the point-contact transistor, 
is greater than 1. 

If an a-c signal is introduced in series with 
le d-c bias in the emitter, the resulting trans- 
r of holes from emitter to collector will vary 
i magnitude with the signal. Thus, the collector 
irrent will vary in accordance with the input 
gnal. 

A point-contact transistor has character- 
tics that are analogous to those of an electron 
be. Figure 11-7 represents a point-contact 
ansistor circuit, and a curve of collector 
rrent, I c , versus the collector voltage,Ec, 
r a constant emitter current, Ig. At low 


values of E c , the steep slope of the curve from 
(0 to A) indicates a low-effective resistance of 
the collector circuit. 

The low-effective resistance is the result of 
the diffusion of holes from the emitter into the 
N material around the collector barrier. As 
mentioned before, the holes neutralize the bar¬ 
rier potential so that more electrons can flow 
across the barrier. 

The change in slope at A indicates a change 
in the resistance of the collector-to-base cir¬ 
cuit, and the small slope from A to B represents 
a relatively high collector-to-base resistance. 
The point-contact transistor is normally oper¬ 
ated in the B region. 

Collector current consists of the holes from 
the forward-biased emitter that diffuse through 
the base and are attracted to the reverse-biased 
collector. A few of the holes from the emitter 
do not reach the collector due to recombination 
with electrons within the base. Current also 
flows from the collector to the base which varies 
at the signal rate. This results in the current 
gain of the point-contact transistor being greater 
than unity. 


RESISTANCE GAIN 

The resistance of the emitter and collector 
circuits depends on the circuit connections. The 
resistance gain of a point-contact transistor 
having an emitter circuit resistance, r e , of 300 
ohms and a collector circuit resistance, r c , of 
15,000 ohms will be 

rc _ 15, 000 _ 
r e " 300 



Figure 11-7.-Point-contact transistor characteristics. 
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VOLTAGE GAIN 


Junction 


Transistors 


In 


If the current gain, a , of this transistor is 

Ale = 3 ma 2 

AI e 1 • 5 ma ’ 

the voltage gain will be 

Alcrc _ 3 x 15,000 _ 1AA 
AI e r e 1.5 x 300 


POWER GAIN 


The junction transistor (PNP and NPN) em¬ 
ploys the same semiconductor materials as the 
point-contact transistor but is arranged in the 
form of a sandwich. The basic PN junction is 
used. However, such a junction cannot be made 
satisfactorily by simply bringing two surfaces 
together mechanically because of the difficulty 
in achieving the necessary smoothness and 
cleanliness of the surfaces tobe joined. Instead, 
the junction is formed by a diffusion or alloy 
process, and by crystal growing. 


ba 

N- 

si 

id 

10 

P* 

si 

Pi 

E 

11 

SI 

I, 


The power gain in this example will be 
AI c 2 r c _ 32 x 15, 000 _ „ QQ 
AI e 2 r e 1. 52 x 300 

Thus, the power and voltage gain of the point- 
contact transistor in these examples is due 
principally to the relatively high resistance 
gain. 


HOLE LIFE 

The movement of holes from the emitter 
to the collector is by way of the N material in 
the intervening space between the two P regions. 
This movement is accompanied by a certain 
amount of recombination of electrons with holes, 
and hence a reduction in the number of holes 
arriving at the PN collector barrier. Because 
of this recombination, the length of life of the 
holes injected into the N material is of the order 
of a few thousand microseconds. 


HOLE AND ELECTRON SPEED 

The speed of response of holes in semi¬ 
conductors to a signal voltage is considerably 
less than that of electrons in metallic con¬ 
ductors, and therefore transit time becomes 
appreciable. The upper frequency limit for 
satisfactory point-contact transistor operation 
is approximately 5 me. When the electric field 
gradient is 1 volt per centimeter across the 
crystal, electron velocity in germanium crys¬ 
tals is of the order of 3600 centimeters per 
second, and hole velocity is of the order of 
1700 centimeters per second. 


GROWN-JUNCTION METHOD OF 
MANUFACTURE 

The NPN junction transistor consists of a 
sandwich of P material between two la J er ® ® 
N material. This transistor cannot befonn 
satisfactorily by bringing two surfaces togem 
mechanically because of the diffi^ty to 
achieving the necessary smoothness ( " uie 
faces to be joined. Instead, the NPN traitf 
is formed by a GROWN-JUNCTION pr * 
Germanium is obtained as a white powder, g- 
manium dioxide (Ge 02 ). The P 0W J. er \ n 
duced to pure germanium by heating 
atmosphere of hydrogen. The pure P 0 ^ , 

liquefied by further heating in an atmospn 
an inert gas similar to argon. The mo 
manium is then allowed to cool slow y. 
germanium is obtained in the fafin 
several inches long and a square inch 
sectional area. In this condition, the ger 
is polycrystalline and contains impxn* e • 

The material is purified further by aproc 

called “zone melting.” In this proc > ^ 
purities are removed satisfactorily. 
will then have a satisfactorily high reS1 H e t e r. 
approximately 60 ohms per cubio cen _ ^ 

Single crystal germanium is ototan‘ 
process called “pulling.” In this pr _. gre 
purified germanium is melted in an a ^ p 
of inert gas, and into the melt is a 
forming impurity such as arse *)j c ' d i n to the 
crystal germanium seed is then dippe ^ 
melt and molten N-type germanium fly 

it. Then a small amount of P-forming ^ 

is added to the molten solution. v£ «ffuses 
gallium or indium. The impurity rapi y , Q ^ 
through the melt and a P layer adhe 
crystal. After a definite time, the in- 
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?“P ur ?* y ' a /' seni f» is added to the molten 
bath, thereby returning the bath to its original 
N-type germanium. As the germanium seed is 
slowiy withdrawn, a layer of N-type germanium 
adheres to it. In this manner an NPN ingot is 
formed. It is then cut into a slab that is per¬ 
pendicular to the long axis of the crystal. The 
slab is then diced into transistor pellets. The 
pellets are about 0.1 in. long and 0.03 in. thick. 

, ach pellet comprises a junction transistor hav- 
Ing two outside layers of N-type germanium 
separated by a P-type germanium section about 
J.001 in. thick. 


VPN CIRCUIT 


The paths for current flow in an NPN junc- 
lon transistor are indicated in figure 11-8. 
lie dotted battery symbols represent the po- 
sntial hills. The emitter circuit is biased in 
tie forward direction and the collector circuit 
? biased in the reverse, or high-resistance, 
irection. 


barrier potentials 



Figure 11-8.—NPN junction transistor. 


Electrons flow in the external circuits of the 
lttei Lf nd the collector in a clockwise direc- 
“* .. V 16 emitter bia s neutralizes the barrier 
entia 1 across the emitter PN junction, thus 
wing electrons to be injected from the 
ooo r the base region. P material has an 
Z< ?° le8 whlch ’ in this case » are called 
^ carriers. But when electrons are 
from the N-type emitter, they them- 
es move through the P region of the base by 


a process known as diffusion. These electrons 
are also called minority carriers while in the 
base and may combine with holes, but most of 
them are collected by the positively biased 
collector. 

As electrons move across the narrow P 
region of the base, a certain amount of recom¬ 
bination of electrons with holes will occur. This 
action will cause less increase in collector cur¬ 
rent for a given increase in emitter current. 
Thus, the current gain for a junction transistor, 
alpha (a), is less than unity. 

The voltage and power gains of the NPN 
junction transistor are of about the same magni¬ 
tude as those of the PNP junction transistor. 
These gains occur principally because the 
resistance of the collector circuit is high com¬ 
pared to the resistance of the emitter circuit. 


ALLOY METHOD OF MANUFACTURE 


The PNP junction transistor consists of a 
sandwich of N-type semiconductor material in 
between two layers of P material. The sandwich 
is formed by placing a BEAD of acceptor im¬ 
purity such as indium on top of a flat square 
PELLET of N-type germanium about 0.05 in. 
on a side and 0.01 in. thick. The bead is placed 
at the center of the upper flat surface of the 
pellet, and the entire assembly is heated in an 
oven to a temperature above the melting point 
of the bead, but below that of the pellet. The 
heat causes the bead to partially diffuse into 
the pellet. The assembly is then removed from 
the oven and turned over. A second bead of in¬ 
dium is placed at the center of the flat pellet 
surface, and the heating process is repeated. 
The melting of the indium into the germanium 
crystal forms P-type germanium on either side 
of a centrally located N-type layer, which re¬ 
mains unchanged. By this diffusion process, a 
PNP junction is formed. The edges of the 
diffused region between the P and N materials 
form the boundaries across which the barrier 
potential is developed. 


PNP CHARACTERISTICS 


In the PNP transistor, conduction is by holes 
from the forward-biased emitter, through the 
base to the reverse-biased collector. Forward 
bias on the emitter junction repels the freed 
holes into the base. The holes will drift toward 
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Figure 1-9(A). —Current flow in a PNP transistor. 


the collector, accelerated by the negative charge 
of the base. Since the base is very thin (typical 
thickness 0.001 inch), most of the holes reach 
the collector. Recombination of holes and elec¬ 
trons takes place within the base region and be¬ 
comes base current; however, there are very few 
electrons available for recombination due to the 
small amount of N-type material in the very thin 
base. Therefore, the base current is only a 
small percentage of the total current from the 
emitter. 

Reverse bias on the collector junction pre¬ 
vents majority carrier conduction of that junc¬ 
tion, and, collector current consists of holes 
from the emitter. In the external circuit elec 
tron flow remains the basis of normal Circuit 
analysis (fig. 11-9 (A)). It is considered that 
holes do not flow in the external circuit, but re¬ 
main in the semiconductor material 

At the positive terminal of the emitter, holes 
are created as electrons leave the emitter. The 
holes then move toward the collector. As an 
electron leaves the emitter, one enters the col 
lector and moves toward the emitter. Recombi 
nation of holes and electrons in the semiconduc¬ 
tor occurs, and a continuous flow of current 
results. 


Figure 11-9 (B) is a collector 
curves for a PNP transistor connected in 
common-base configuration. (ThiscorrespWj 
to the plate family of curves of a vacuum - 
A characteristic curve of Ic versus E c 
held constant shows that as long astheco 


W= 5MA 


I e = 4 MA 


Ie =3MA 

I e =2MA 


\W --Ec 

+ .5 0 - 2 ' 4 " G ' 8 Jtc 

COLLECTOR VOLTAGE E c IN VOLis 

Figure 11-9(B).-PNP collector 
characteristics. 
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_ Chapter 11-TRANSISTOR CIRCUITRY _ 

•everse bias the collector current is con- TRANSISTOR AMPLIFIERS 

id bv the emitter bias- 

tie normal region of operation is to the right The transistor amplifier and the electron- 

e knee of the curve. This is the region tube amplifier have somewhat similar circuit 

3 the collector has reverse bias. Observa- arrangements but widely differing character- 

shows that a large change in collector istics. It is not possible to substitute one for 

je produces little change in collector cur- the other without changing circuit components 

This indicates that the collector’s output and bias and plate supply voltages. For ex- 

tance is very high. Also, it can be noted ample, the transistor in some circuits is a 

yhen the collector voltage is zero, collector current amplifier and has a low impedance 

int still flows. This is due to the fact that input; whereas, the corresponding electron- 

from the emitter are being driven into the tube amplifier has a high impedance input. The 

itor by the force of the emitter’s bias. three elements in a triode electron tube and 

x>n applying a small amount of forward bias the corresponding elements in a PNP junction 

} collector (0.1 to 0.5 volt), the collector transistor are illustrated in figure 11-10. 

ntly rapidly falls to zero. This happens be- The transistors have a collector terminal 

■ the collector attains an electrostatic force that corresponds to the triode plate, abase 

and opposite to the holes from the emitter. terminal that corresponds to the triode grid, 

the collector current now equal to zero, and an emitter terminal that corresponds to the 

itire emitter current is shunted to the base. triode cathode. In the PNP transistor the 
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(A) GROUNDED-GRID TRIODE 



(B) GROUNDED-BASE PNP TRANSISTOR » 




(C) GROUNDED-BASE NPN TRANSISTOR 1 

Figure 11-11.—Grounded-grid triode and corresponding grounded-base transistor amplifc ers 


collector collects holes. In the NPN transistor 
the collector collects electrons. 


Basic Circuits 

The transistor amplifier may be connec 
in any one of three basic circuits. These c 
cults are the (1) grounded emitter, (2) grount 
base, and (3) grounded collector. These th: 
arrangements correspond respectively to thi 
electron-tube basic circuits, namely the 
grounded cathode, (2) grounded grid and 
grounded plate amplifier. The significance 
the expression “grounded” is that the elem 
said to be grounded is, in reality, common to 


input and output circuits and does no n■ ^ 

have to be grounded to provide s 
operation. 


GROUNDED BASE 

The grounded-base transistor 
analogous to the grounded grid ® ^(jji 
amplifier. These circuits are 
simplified form in figure ll-* 1 * mD1( 
grid in the triode (fig. 11-11 (*)>!■*£ 


both the 


The 


input and the output cirej® 
grounded base in the PNP j un c« 

(fig. 11-11 (B)) is common to both mp 

put circuits. (The terms, groun 


342 


Digitized by v^ooQle 






Chapter 11-TRANSISTOR CIRCUITRY 


n be used interchangeably. EXAMPLE— 
ounded base is common base.) 

The input signal to the triode is applied 
tween the cathode and ground and varies the 
ltage across the cathode resistor in series 
th the bias voltage source in the grid-cathode 
rcuit. The output signal is developed between 
ite and ground as a result of the variations 
plate current through the plate load im- 
dance. Effectively, the input signal is de- 
loped between the cathode and the grid and 
j output signal is developed between the 
ite and the grid. Hence, the grounded grid 
rms the common element between the input 
d output circuits. Plate current flows through 
3 cathode resistor across which the input 
jnal is developed. The action is degenerative 
d lowers the gain of the amplifier compared 
that of a grounded-cathode amplifier. 

The input signal to the transistor amplifier 
applied between the emitter contact, E, and 
ound and appears across the resistor in 
ries with the emitter base bias voltage. The 
erage value of the emitter-to-base voltage 
pends upon the magnitude of the bias voltage 
the input circuit. The output signal voltage 
developed between the collector and grounded 
se. The average value of the collector-to- 
ound voltage depends upon the magnitude of 
5 collector supply voltage. The base of the 
insistor is common to both input and output 
'cuits and need not necessarily be grounded, 
ovided the continuity of the common connec- 
n is maintained. 

The input circuit bias polarity is in the 
ward, or low-resistance, direction of the 
itter-base junction. The magnitude of the 
s current determines the mode of operation 
the transistor amplifier, and the collector 
rent is primarily a function of the bias 
rent in the input circuit. 

A distinctive characteristic of the grounded- 
e amplifier is that there is no polarity 
nge of the signal from the input to the output, 
positive-going input signal (fig. 11-11 (B)) 
aid the emitter-base-bias and increase the 
fnitude of the emitter current accordingly. 
3 action will increase both the collector 
'ent and the voltage drop across the collector 
1 impedance with a consequent decrease in 
actor-to-ground voltage. The collector is 
itive with respect to ground, hence the de- 
se in negative voltage to ground is equiva- 
to a positive-going output signal. 


In the NPN transistor amplifier of figure 
11-11 (C), a positive-going input signal will 
oppose the input bias and reduce the emitter 
current accordingly. This action will reduce 
both the collector current and the voltage drop 
across the collector load impedance with a 
resultant increase in collector voltage. Because 
the collector is positive with respect to ground, 
the increase in positive voltage is equivalent 
to a positive-going signal. Thus a positive- 
going input signal will cause a positive-going 
output signal in both PNP and NPN grounded- 
base amplifiers. 

The input impedance of a grounded-base 
transistor amplifier is of the order of 100 
ohms or less. The output impedance is rela¬ 
tively high—that is, of the order of 500 k— 
ohms for the junction transistor and 10 k—ohms 
for the point-contact transistor. 

The relation between collector current and 
collector voltage for different values of emitter 
current is illustrated in figure 11-12 for a 
grounded base PNP junction transistor. The 



(A)TEST CIRCUIT 


MILUAMPERES l c 



(B) CHARACTERISTICS 


Figure 11-12.—Grounded-base transistor 
test circuit and collector characteristics 
for PNP junction. 
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circuit for determining the relation between 
these values is illustrated in figure 11-12 (A). 
Battery E e and potentiometer R e bias the 
emitter-base circuit in the forward, or low- 
resistance, direction for a PNP junction tran¬ 
sistor. Moving the arm of R e toward the 
positive terminal of R e will increase the forward 
bias on the input circuit and therefore increase 
Ig and Ic. Moving the arm of R c toward the 
negative end of R c will increase the collector 
voltage. 

Collector current is measured along the 
X axis and collector voltage is measured along 
the Y axis in the collector characteristic curves 
(fig. 11-12 (B)). These curves represent the 
relation between collector current and collector 
voltage for various values of emitter current. 


The curves indicate that the collector current 
is of the same order of magnitude as*tfe 
emitter current and that the collector current 
is independent of collector voltage over most 
of the range of the curves. The current*? 
in the grounded-base junction transistor is less 
than 1, hence the voltage and power gatols 
caused by the increase in output resistance over 
that of the input circuit. 

GROUNDED EMITTER 

The widely used grounded cathode electron- 
tube amplifier and the corresponding jrwndj 
emitter transistor amplifier are illust ^ 
x._ iQ ThP transistor bias polarities 




Figure 11-13. -Corresponding electron-tube and transistor amplifl erS * 
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ire established for a PNP junction transistor 
n figure 11-13, (B), and for- an NPN junction 
ransistor m figure 11-13 (C). 

The input signal to the triode (fig 11-13 (A)) 

Hfwl l0P t d aCr °f the ? rid resistor in series 
‘ he 5* as voltage between the grid and 

a i tt a' J? 6 ° utput signal ot the Mode is de- 
eloped between the plate and ground. The 

verage grid voltage depends upon the magni- 
i e of the grid bias supply voltage, and the 
™ ra f e . u pIate voltage depends upon the magni- 
ide of the plate supply voltage. 

* npul signal to the transistor (fig. 11-13 
V) is developed between the base and emitter 
^series with the bias voltage in this circuit, 
tie bias polarity is in the forward, or low- 
ssistance, direction of the base-emitter junc- 

f* ™ ™ tput signal of the transistor is de- 
loped between the collector terminal and 
ound. The average base voltage, as measured 

lLih,Ha eCt / 0 .K the l emitter ’ depends upon the 
ignitude of the bias voltage in the base- 

itter circuit. However, the magnitude of the 
is current determines the mode (class) of 
-ration of the transistor. The average col-, 
•tor voltage depends upon the magnitude of the 
iector voltage supply. However, in many 
tances the magnitude of the collector voltage 
\ only a sman effect in determining the col- 
or current. The collector current is pri- 
ruy a function of the bias current in the input 

When a signal is applied to the input circuit 
he transistor, the bias current varies about 
average, or no-signal, value. This action 
ses the collector circuit current to vary 
nigh a much greater amplitude through the 
impedance, which is connected in series 
the collector voltage supply and the col- 
r terminal of the transistor, 
phase inversion occurs between the input 
t . ®f£n als - Thus, a positive-going 
w 8 !? 1 flg * 11-13 ( B )) opposes the base- 
P nt bl i?, and dec reases the base-emitter 
|his action decreases the collector 
nt and voltage drop across the load im- 
e» resujlting in an increase in collector- 
[°® d output voltage. Because the collector 
Wllh respect to ground, a positive- 

r n . Z , si £h al will result in a negative - 
, output signal. 

positive-going input signal (fig. 11-13, 
ui cause an increase in base-emitter cur- 
Zl , a corresponding increase in collector 
and voltage drop across the load im- 


^S* 118 ® this drop subt racts from the 
collector voltage, the output signal is less 

positive and is therefore equivalent to a negative- 
going output signal. The latter action is similar 
to that occurring in the plate circuit of the 
node (fig. 11-13 (A)) with a positive-going sig¬ 
nal on the grid. The increase in plate current 
causes an increased voltage drop in the plate 

SlT PedanCe , With a resultin e decrease in the 
plate^o-ground voltage. A decrease in the 
positive plate voltage is equivalent to a negative¬ 
going output signal 

The ground-emitter transistor has a medium 
input impedance. For junction transistors, this 
value may be of the order of 1 k—ohm. 

The output impedance of the grounded- 
emitter transistor may be of the same order of 
magnitude as the input impedance or higher 
usually 10 k. to 100 k. 5 ’ 

For a grounded-emitter PNP junction tran¬ 
sistor, the relation between collector current and 
collector voltage for different values of emitter- 
base current, I b , is illustrated in figure 11 - 14 . 
The circuit for determining the relation between 
these values is illustrated in figure 11-14 (A). 
Battery E b and potentiometer R b bias the base- 
emitter input circuit in the forward, or low- 
resistance, direction for a PNP junction tran¬ 
sistor. Moving the potentiometer arm of R b 
toward the negative end of R b will increase the 
forward bias on the input circuit and therefore 
will increase I b and Iq. Moving the arm of 
potentiometer R c toward the negative end of R c 
will increase the collector voltage, V c . 

Collector current is measured along the X 
axis, and collector voltage is measured along the 
Y axis in the collector characteristic curves 
(fig. 11-14, (B)). These curves represent the 
relation between collector current and collector 
voltage for various values of emitter-base cur¬ 
rent. The curves indicate that collector current 
depends principally upon the magnitude of the 
emitter current and that, for a given value of 
emitter current, wide variations in collector 
voltage will have little effect on the magnitude 
of the collector current. 

Current amplification is described in the 
following analysis. With the collector voltage, 

V c > adjusted to -10 v. and the base current, 

Ib» a djusted to -25 n a, the collector current, I c , 
will equal approximately -1 ma (1000 /xa). In¬ 
creasing I b to -125 fj .a (with V c constant) will 
increase the collector current to approximately 
-5 ma (5000 yua). Thus, an increase in input 
current of 100 ^a will produce an increase in 
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collector current of 4000 ^a, or a current am¬ 
plification of = 40. 



(A) PNP TRANSISTOR GROUNDED EMITTER CIRCUIT 


COLLECTOR CURRENT I c 



(B) TRANSISTOR CHARACTERISTICS 

Figure 11-14.—Grounded-emitter PNP 
junction transistor static characteristics. 


GROUNDED COLLECTOR 

The grounded-collector transistor amplifier 
corresponds to the grounded plate electron- 
tube amplifier, or cathode follower. These 
circuits are illustrated in simplified form in 
figure 11-15. In the cathode follower the plate 
is at ground potential with respect to the signal 
component, and in the corresponding transistor 
circuits the collector is at ground potential 
with respect to the associated signal com 
ponent. In the cathode follower the input signal 
is applied between the grid and the grounded 
side of the plate circuit, and the output signal 


is developed between the cathode and grounded 
side of the plate circuit. Thus the plate is com- 
mon to the input and the output circuits. 

In the grounded-collector transistor ampli¬ 
fier the input signal is applied between the base 
and the grounded side of the collector circuit 
The output signal is developed between the 
emitter and the grounded side of the collects 
circuit. Thus the collector is common to the 

input and the output circuits. 

Bias current is supplied by the single-cell 
source in series with the base-emitter circ , 
and collector voltage is obtained from a totter 
consisting of several cells in series between 
the collector and ground. The base-emitt* 
circuits are biased in the forwar , 
resistance, direction, and the col ^ ec ’ 
circuits are biased in the reverse, or 
resistance, direction. Thus the i«>P 

pedance of the grounded collector trans 

relatively high, because the input 
eludes the collector-base circuit with the D 
in the high-resistance direction. J, 
impedance is relatively low because 
circuit includes the base-emitter circ j 
its bias in the forward, or low-resistance, 

The input impedance of the elechon*^ 

cathode follower is high and the output 

is low, hence the cathode follower 7 ^ 
as an impedance changer or step ^ 
former. The output signal, e 0 , is to * 
circuit between the cathode and wiilt 
poses the input signal, ei n . in the ® the pid 
Hence, the net voltage acting between^ 
and cathode is ejn - e 0 , and e 0 ltage is 
less than ei n if the grid-to-cathod 
to be a finite value. Thus the v0 , 
the cathode follower is always less 

Similarly, the output signal in tne g 
collector transistor opposes the P. een the 
and the net signal voltage acting exam pie, 

base and emitter is ei n - e o- occurring 
if the input signal causes the volt g ^ ^ 
between the base and ground to 
in a positive direction and the 
between emitter and ground to sw & base 
same direction, the net voltage outpui 

and emitter will be 10-4 or ® m 7* e . ifthe 

voltage, e 0 , must always be less yaiue. 

base-to-emitter voltage is to be a « eC tor 
Thus the voltage gain of the groun e ", ower , is 
transistor, like that of the cathode 
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(0 GROUNDED COLLECTOR NP~N TRANSISTOR AMPLIFIER 

Figure 11-15.-Electron-tube cathode follower and corresponding grounded-collector 

transistor amplifiers. 


uSLP“^d-Cdliector transistor provide 

rer a™nrf i 8:e . CUrrent am Plification and so: 

e of th? 1 ^ 31 . 10 "’ de P endin £ u P on the magi 
e of the output impedance. 

lMtor i Tra t „c i '? edanCe ° f the g r0Unde 
load a ° r am P lifler is a function 

tot in 7 7!' ™ S action is in c °"t™ 

tout a 7 o ^ 0n - tUbe am Plilier in whi 

cticallvTL 7? circuits “e isolated a: 
Sethi lndepandent of each other. For e: 

etor iunit? . impedance 01 a grounde, 
he ord7 7" 7? nslstor am Plifier may 1 
edanrp 7 150 k-ohms when the Ioe 
,„ ce “ ' s , 10 k—ohms, but the input ire 

load irJ ?° P t0 50 k — ollms or less whe 
u a<5 _ ®P edanc e is reduced to 1000 ohms 
8:roimcled - e fitter transistor audi 
flotc / re ° perated so that collector cur 
e cnrr U * lng the entire in P ut current cycle 
innut ^ operating point (load impedance 
curre nt are chosen, the output wave- 


form will be essentially the same as the input 
m all respects, except for the amplitude. 


Circuit Analysis 


LOAD LINE 

A simple method of determining the output 
voltage and current components of a transistor 
audio amplifier is by the use of the load line 
as illustrated in figure 11-16. The load line 
XY, is a graph of the equation, e c = Eg-i P R T * 
where e c is the instantaneous collector-to- 
emitter potential, Eg is the collector supply 
voltage and i c RL is the voltage drop across the 
load resistor, Rg. 

Point Y is established as e c - Eg. This con¬ 
dition exists when the collector current is zero, 
and the full value of the collector supply voltage 
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i 


appears between the collector and emitter be¬ 
cause there is no voltage drop across Rl* In 
this example, the load line intersects the Yaxis 
at Y= 15 v. Thus, Eb= 15 v. 

Er 

Point X is established as i c = This 

condition exists when the base current is in¬ 
creased to the point where the effective internal 
resistance of the collector-emitter circuit is 
reduced to zero. For this condition the collector 
current would become a maximum value and the 
collector supply voltage would appear across the 
load resistance. In this example, the load line 
intersects the X axis at 

ic = = 3^5 = 0.008 amperes, 

or 8 ma. 



Figure 11-16.-Transistor class A audio 
amplifier. 


LOAD RESISTANCE 

The load resistance, Rl> is equal to the 
slope of the load line and may be determined as 

Eb - E c 


where E 0 is the collector-to-emitter voltage 
at the operating point B, and I c is the collec or 
current at this point. 

In this example, 

Rt = 15 - 7iA= 1875 ohms. 

R L " 0.004 


BIAS 

With the operating point at B (no-signalcon- 
dition) the base-emitter bias voltage nece W 
to cause a base current of 100 £ 
tained from the collector supply volte^J 
connecting a resistor of the prop . ^ 

between the base and the positive 
Eb* The magnitude of this bias re si 


e R 

r B = ;- 

l B 


15_ = 150, 000 ohms. 


100 x 10 


-6 


This value includes the eml u tte ^“ ,” ohmS an£l 
sistance, which is only a few hun n^or 
can be neglected in the calcula i • ^ 

Rb limits the base-emitter current t 

ward direction to approximately „ but is 
ever, the bias is not developed across 
developed across the junction as a , _ igtor 
flow of no-signal current through e 
between the emitter and the Gr ^ c t to the 
makes the emitter negative with a . 

base. This polarity indicates the ^ ^ 
rection for the base-emitter circ con fused 
junction transistor, and is not osS Rg, 

with the polarity of the voltage dr p lar ity, 
which is opposite to the P r °P e ^.. hiaS method 
Certain instabilities common tot i 
are described later. 

The d-c operating point, B,.^h^colleCt®' 
collector current will be 4 ma when clff . 

to-emitter potential is 7.5 v., an gg RLf or 
rent is 100 -xa. The voltage drop aci ^ ^ 

this condition is i c R L> 01 [ * _ i c BLi or 

and the collector potential is eb 
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- 7.5 =7.5 v. The no-signal base current 
this condition is 

in =-——^ = 100 x 10“® amperes, 

0.150 x 10 b 

100 y a. 

If the signal voltage applied across the input 
minals has a peak magnitude slightly less 
n that of the voltage drop across the emitter - 
base circuit (E to B) and the polarity is 
Dosite to that of the forward, or low- 
sistance, direction of electron flow, the base 
•rent will be reduced. In this example the 
nit signal current is assumed to be of sine 
veform and of such a magnitude as to vary 
base current from 100 y a (no-signal value) 
zero, to 100 ya for the first half cycle. For 
second half cycle the base current is varied 
im 100 ya to 200 ya and back to 100 ya. 
When the base current is reduced to zero, the 
lector current will be reduced to zero, and 
collector voltage will increase to approxi- 
tely 15 v. When the base current is in¬ 
cased to 200 ya, the collector current will 
rease to approximately 8 ma, and the col- 



(A) NORMAL TEMPERATURE 

r igure 11-17(A).—Effect of temperature 
variations on NPN transistor 
characteristics. 



Figure 11-17(B).—Effect of temperature 
variations on NPN transistor 
characteristics—Continued. 

lector voltage will be reduced to almost zero. 
Thus, the output voltage will vary sinusoidally 
about a no-signal value of 7.5 v and will have a 
peak-to-peak value of approximately 15 v. 

The characteristics of transistors will 
change with temperature variations. Figure 
11-17 (A) represents the constant base current 
curves of collector volts versus collector cur¬ 
rent for normal temperature operation. Figure 
11-17 (B) represents the curves for the same 
transistor with above normal temperature 
operation. The effect of increased temperature 
moves the curves to the right along the X 
axis, and may increase the spacing between them. 
This action shifts the operating point, B, on the 
load line toward point X, making the collector 
voltage too low. The normal collector voltage 
for class A operation, point B (fig. 11-17 (A)) 
is 7.5 v. The increase in temperature moves 
point B to a point indicated in figure 11-17 (B) 
that corresponds to a collector voltage of 5.5 v. 

Conversely, the effect of a decrease in tem¬ 
perature moves the curves to the left along the 
X axis and reduces tjie spacing between them 
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Figure 11 - 19 . -Transistor amplifier with fixed bias and circuit stabilization. 


Sh R b . This action will tend to shift th 
i uig Point along the load line upward toth 

11-17 (B)) and thus to redua 
nount of distortion caused by the tempera, 
acrease. 

inversely, a decrease in temperature wil 
companied by a tendency for the collectoi 
nt to decrease and the collector voltage 
s Rg o increase. The increase in voltage 
3 B w111 increase the base bias current 
’ h . B and shift the operating point along 
ad line downward and to the right of point 

lstort/on. C ) * TWS aCti ° n WlU again re - 
us, seif bias provides an action that tends 
irtiaiiy compensate for temperature 
addition, self bias provides negative 
k s ;“i lar to that provided by an unby- 
i^ Cat n^! e resistor in an electron-tube 
;er. This action reduces the effective gain 
-ransistor amplifier. 

; he transistor amplifier illustrated in 
a resi . stor Rfi provides fixed bias 
operation, and resistor Rg provides 
stabilization to prevent temperature 
3 from altering the transistor character- 
Resistor r e also prevents damage to 
usistor by limiting the magnitude of the 
r current to the maximum safe value for 


the highest temperature to be encountered during 
operation. 

If the temperature increases, the increase in 
collector current through R E will lower the 
emitter voltage. This action will tend to prevent 
further increase in collector current and there¬ 
fore will prevent the shift of the characteristic 
curves to the right along the X axis (fig. 11-17) 
(B)). Conversely, a decrease in temperature 
will lower the collector current through R E and 
the voltage drop across R E . This action will 
increase the collector voltage and will tend to 
prevent further reduction in collector current 
so that there will be less shift of the character¬ 
istic curves to the left along the X axis (fte 
11-17 (C)). V 

The value of R E is equal to the value of Rl 
for maximum protection. In this case the ef¬ 
ficiency is reduced from 50 percent in figure 
11-18 for maximum power output to 25 percent 
in figure 11-19. As transistors become more 
uniform with improved methods of manufacture, 
the allowable tolerances will be reduced. Thus" 
when a transistor is replaced in a circuit, it 
will be more nearly like the replacement tran¬ 
sistor, and the need for this amount of circuit 
stabilization will be reduced. It is believed that 
most transistor audio power amplifier circuits 
will be satisfactorily stabilized if the value 


c 
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of Re is not more than 10 percent of the load 
resistance for maximum power output. In the 
preceding example of figure 11-18 according to 
this relation, Re = 0.1 x 1880, or 188 ohms, and 
the power dissipated in Re will be 10 percent of 
the power output of the stage. 

If resistor Ri is added to the circuit of fig¬ 
ure 11-19, another return path for collector cur¬ 
rent will be provided. This path is around Re. 
If Ri is a relatively low resistance compared to 
R e , most of the collector current will flow 
through Rj. This action reduces the signal com¬ 
ponent of collector current through Re with less 
degeneration and increased stage gain. On the 
other hand more power will be wasted at the 
input, but there will be less change in input im¬ 
pedance and less change in input circuit loading. 


CAPACITORS 

In order to prevent degeneration from oc¬ 
curring across the stabilizing resistor, R E 
(fig. 11-19), in the emitter circuit, a bypass 
capacitor, C E , is connected in parallel with 
R E . The action is similar to that occurring 
in the cathode bypass capacitor in parallel with 
the cathode resistor of a cathode biased electron- 
tube amplifier. In order to bypass the a-c com¬ 
ponent around the resistor without developing a 
voltage at the signal frequency across the re¬ 
sistor, the Xq ohms of the bypass capacitor 
should be low with respect to the resistance of 
the resistor. For most audio transistor ampli¬ 
fiers the bypass capacitor does not need to be 
larger than about 50 /xf. 

The coupling capacitor, C c , must be large 
enough to pass the lowest frequency signal with¬ 
out appreciable phase shift or reduction in 
magnitude of the signal. The lowest frequency 
to be passed is the frequency at which there is a 
reduction in amplitude of 3 db. At this fre¬ 
quency the X c ohms of the coupling capacitor 
are equal approximately to the input resistance 
of the transistor amplifier stage. In the ex¬ 
ample of figurell-19, the input resistance is 
approximately 1000 ohms and consists es¬ 
sentially of the resistance between the tran 
sistor base and emitter in the forward, or low- 
resistance, direction. If the lowest frequency to 
be passed is 100 cycles per second, the X P ohms 
of C c will equal the input resistance, or 1000 
ohms. The capacitance of the coupling capacitor 

is found as follows: 


_ 10 6 
Cc " 6. 28 x X c 
10 ® 

= 6. 28 x 100 x 1UUU 
= 1.59 /xf. 


A 2 /xf capacitor would extend the low fre¬ 
quency limit to about 80 cycles per second. 

VOLTAGE AND CURRENT DISTRIBUTION 

The action of a transistor amplifier wiUnow 
be given with respect to the distribution of the 
voltages and currents through the input and out¬ 
put circuits before and after a signal is applied. 
Figure 11-20(B) illustrates a transformer 

coupled junction transistor audio amplifier stage 

employing the grounded emitter as the common 
element between input and output circuits an 
single battery for collector supply voltage 
base-emitter bias. The sine wave ° r “ . 
signal current and voltage are illustrated in 

figure 11-20 (A). three dif- 

The circuit analysis is made for tlrnee 

ferent instants of time occurring 
complete cycle a PP u ®? f 2 ff' 90 >.d (!) 
stants are when (1) t-0 , \&) 1 » 

t = 270°. 


At the instant when t= 0°, the 
voltage is zero, and the 1. 5-volt tette ys* 
plies the no-signal base-emitter Dia 
of 100/x a and the no-signal collector current 

4 ma. The distribution of voltages and cvmre 

is illustrated in figure. 11-20 (B). 1 Qjjly ^ 

circuits are analyzed in detail. Kir ^ 
of voltages is applied to three j clos ® nr 
all on the input side of the tran ' e9 
algebraic sum of the instantaneou ^ 
around these circuits is equated to z ‘ zer0| 
algebraic sum of the numerical v 
the voltages are assumed to be corr 


The first circuit to be traced s was 

A and includes the 7.5-volt battery, 
resistor, R, the base, B, of the tr ^ the 
emitter, E, and returns to thei ba 
starting point, A. The circuit tra f 0r the 
nated as ADMNBEGA. The desipatu 5 0| 

algebraic sum of the voltages, £ (sunv _ ^ 
identifies the individual circuit by ni ^ eS6 
subscripts following the symbol, • t (fig. 
letters appear on the amplifier tion that 
11-20, (B). (C). and (D)). Thus the equ 
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(A) WAVEFORMS 



1 = 0 ° 

e s =o,is=o,e 0 E =o.iv 


... * VOLTS . 0 
l 1 1 ^AOMNBEGA* 0 

7.5-7.4-0.1 = 0 

io J S VOLTS . q 
' * ^ HA6EBNH 

0+ O.l-O.l = 0 

( 3) i VOLTS -q 
' * HADMNH 

0 + 7.5- 7 4-0.1=0 


(B) VOLTAGE AND CURRENT DISTRIBUTION WHEN t=0° 

Figure 11-20.-Circuit analysis for junction transistor amplifier having a 
common battery supply for input and output circuits. 
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t = 90° 

e s : +0.IV is = 100 jj Q eBE =0 


m £ 

VOLTS =q 
ADMNBEGA 

7.5- 7 5-0 = 0 

(2) F 

VOLTS -o 
HAGEBNH 

0.1 +0-0.1 = 0 

(3) ^ 

VOLTS :Q 
HADMN H 

0.1 + 7.5-7.5-01 = 0 


(C) VOLTAGE AND CURRENT DISTRIBUTION WHEN t=90° 



e s :o.iv i s - ioi pa cbe : o. 2v ie= 200pa 
( n F volts 

1 ^ =0 7 5-7.3-0.2=0 


( 2) F 

(3) F 


VOLTS 
ADMNBEGA 
VOLTS 
HAGEBNH 


= 0 0 . 1 + 0 . 2 - 0.1 =0 


HADMNH =° 0..+7.5-7.3-O.I.O 


/ p+\ HADMN H 

VOLTAGE AND CURRENT Dl STR IBUTION WHEN t = 270° 

FlgU common battPrv 1111 * n * ly t sis for junction transistor amplifier having a 
common battery supply for input and output circuits-Continued. 

applies to .. . ^ 

y VOLTS equal to zero in this circuit. The ivo ag \ 

Z_J ADMNBEGA = 0 * ion f0r this circuit iS 7 * 5 ' 7 -^'IVondter® 11 

is derived by tracing the circuit ADMNBFrA t? rm IS the battery v °ltag e - The se . s ^ 
and equating the algebraic sum of N ® EGA the drop across Rb, and the third 

ra.c sum of the voltages drop acr-oss the base-emitter junction. 


Digitized by 


Google 


354 





From this equation it may be seen that the 
base-emitter no-signal bias current is limited 
principally by resistor R B because most of the 
battery voltage appears across R B . It mayalso 
be seen that the voltage drop across the base- 
emitter terminals of 0.1 v in the forward direc¬ 
tion with a base-emitter current of 100 /za or 
^ ^ma will indicate a base-emitter resistance of 

OJL ma’ or 1 k " ohm - Capacitor C blocks the d-c 

component of voltage and current across the 
base-emitter junction from the secondary of the 

v ^l“ mer and charges U P to the peak 
r( ? a P ? r ? P acr ° ss the junction. Capacitor C is 
relatively large (2 mf), and the voltage across C 

L a ifT ed u r main at °- 1 v ‘ throu g h the entire 
cycle of applied signal voltage. 

The second voltage equation for the instant 

Wh !V* = 2 1S derived by tracing around the cir¬ 
cuit HAGEBNH and equating the algebraic sum of 
tne instantaneous voltages to zero. Thus the 

equation that applies to V0LTS = n • 

0 n, n i n i HAGEBNH Uls 

‘ • " 0* The first term is zero because 

at the instant t = 0°, the signal voltage is zero. 
The second and third terms are of opposite signs 
mdicatmg th^ the capacitor voltage is opposed 
anr/th V ° lta £ e occurring between the base 
svill Wnwf er ' As mention ed previously, C 
^urrpnt k i he J?’ 0 com P onent of base-emitter 

inTirf f f VOltage from the secondary of the 
input transformer. 

,ph f e n t o hird voltage equation for the instant 

BAmim erived by tracin s around the cir- 
mt HADMNH and equating the algebraic sum of 
ne instantaneous voltages to zero. Thus the 

that ap ? IieS t0 Zha™ = 0 ^ O.o 

G ; ,4 "°* 1 = 0 ' The first term is zerobecause 
^rmS^ a?e is zer0 when t - 0°. The second 
ol?J! L V ’ presenting the battery terminal 

le vol.^f tMrd term is 7 * 4 v > ^presenting 
hp i ao + f 6 dr ? p across *he bias resistor, Rg. 

cross iS 0,1 V ’ re P resent *ng the voltage 

^w%r Signal condition upon which the pre- 
3 thP <^ ee ® quatl0ns depend may be regarded 

iad linp Pe ^ ^ P ° int ’ B (fig * n " 16 ( A )) on the 
a co, I’ ^ \ Theload impedance (noninductive) 
assumed to be the slope of the load line, or 

camnlp of' J B princi P al difference between the 
ample of 11-20 and that of figure 11-16 

D l a ; p , h ? load resistor of figure 11-16 has been 
L 3 5 by . a transformer having negligible d-c 
nee in its windings so that the collector 
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voltjige supply maybe reducedfrom 15vto 7.5 v 

without changing the slope of the load line. Thus’ 
the non-signal collector current of 4 ma that 
flows through the primary of the output trans¬ 
former produces a negligible d-c voltage drop 
across the primary, and the collector voltage for 
this condition is 7.5 v. 5 

During the interval between 0° and 90° 
the input signal voltage increases from 0 to a 
positive maximum value ol 0.1 v, and the input 
signal current increases from 0 to 100 /za 
as represented by curve (1) of figure 11-20 (A). 
During this interval, the base-emitter current 
decreases from 100 ^a to 0, curve (2), and the 
collector current decreases from 4 ma. to 0 
curve (3). At the same time, the induced voltage 
acting in the primary of the output transformer 
causes the collector voltage to increase from 
-7.5 v to -15 v, curve (4). 

At the instant t - 90° (fig. 11-20 (C) )the input 
signal voltage is a positive maximum value of 
0.1 v. The polarity of the signal voltage indicates 
that this voltage acts across the base-emitter 
junction in the backward, or high-resistance, 
direction, hence no base current will flow. In¬ 
stead, signal current will flow through the 
secondary of the input transformer in series 
with the battery, the bias resistor, Rg, and the 
capacitor, C. The signal voltage acts in series 
additiyely with the battery voltage, thereby in¬ 
creasing the voltage drop across R B from 
7.4 v to 7.5 v. During the interval from 0° to 
90 the base current decreases from 100 
/^a to 0 as the signal current increases from 0 to 
100 /za. This action indicates that an approxi¬ 
mately constant current flows through Rg into 
junction N. As the current flow into the base, 

B, decreases, the current flow into the capacitor 
circuit, NH, increases. It is assumed that the 
capacitor is sufficiently large so that the flow of 
signal current through the circuit from N to H 
will not increase the voltage drop across the 
capacitor to any appreciable extent. 

The voltage equation for the instant when 
t = 90° that corresponds to the designation 

VOLTS 

Z_jADMNBEGA = 0 is 7.5-7.5-0=0. The slight 

increase in voltage across the 7.4 k-ohmresis- 
tor, Rg, from 7.4 v to 7.5 v produces a negligi¬ 
ble increase in current through Rg and a de¬ 
crease in voltage across the base-emitter 
junction from -0.1 v to 0, (curve (2) fig. 11-20 
(A)). 
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= 0 is 0.1+7.5-7.5-0.1=0. 


The voltage equation for the instant when 
t = 90° that corresponds to the designation 

= 0 is 0.1+0-0.1=0. The first 

HAGEBNH 

term represents the peak positive signal voltage 
occurring across the secondary of the input 
transformer. The second term represents the 
zero voltage across the base-emitter junction, 
curve (2), and the third term represents the 
constant voltage across capacitor C. 

The voltage equation for the instant when 
t=90° that corresponds to the designation 

E VOLTS 
HADMNH 

The peak positive input signal current flows in a 
counterclockwise direction around this circuit. 

During the interval from 90° to 180° the 
input signal voltage decreases from positive 
maximum to 0 (curve (1) (fig. 11-20 (A)). At 
the same time the voltage drop across R B de¬ 
creases from 7.5 v to 7.4 v, and the base- 
emitter voltage increases from 0 to -0.1 v, 
curve (2). Thus during the first half cycle 
(0° to 180°) of applied signal, the base-emitter 
current varies sinusoidally through a maximum 
change of 100 /za. 

In the collector circuit the collector current 
also varies sinusoidally through a maximum 
change of 4 ma as the collector voltage varies 
sinusoidally through a maximum change of 7.5 v, 
curves (3) and (4). 

The input signal voltage for the second half 
cycle is of opposite polarity to that for the first 
half cycle, curve (1). Thus the signal voltage 
opposes the battery voltage and lowers the 
voltage drop across R B to 7.3 v at the instant 
when t = 270°. At this instant, the signal voltage 
acting in series addition with the capacitor 
voltage develops a voltage of -0.2 v across the 
base-emitter junction in the forward or easy 
direction of current flow. Thus the base current 
increases to a peak of -200 M a. This action 
causes the collector current to increase to a 
maximum value of -8 ma, as the self-induced 
voltage in the output transformer primary 
causes the collector voltage to swing to zero 
curves (3) and (4). ' ’ 

The voltage equation for the instant when 
t = 270° that corresponds to the designation 
VOLTS . . „ r & lon 

Z_j ADMNBEGA " 0 1S 7 * 5 “ 7 * 3 - 0.2 = 0 (fig. 
11-20 (D)). The current flow through Rr, de 
creases slightly from 100 ^0 99^. The signal 
current flowing into junction N from terminal H 
increases from 0 to 101 M a and combines with 


the bias current flowing through into junction 
N to increase the base-emitter current from-100 
M a to -200 M a, curve (2). This current returns 
to junction A where it divides almost equally, 
with 101 m a returning to the secondary of the 
input transformer and 99 m a returning to the 
battery. 

The voltage equation for the instant when 
t = 270° that corresponds to the designation 

V 1 VOLTS = q is _ o.l + 0.2 -0.1*0. 
Z_jHAGEBNH 

The first term of this equation represents m 
signal voltage. The second term represents® 

voltage across the emitter-base junction,andtt 

third term represents the voltage across tn 

P The voltage equation for the instant when 
t= 270° that corresponds to the designa 

T VOLTS -o is -0.1 + 7.5-7.3-0.1:0. 
Lj HADMNH ‘ , - 4 . 

As the voltage across Rb decreases iron i . 
to 7.3 v, the voltage across the base-e* 
junction increases from -0.1 vto- • 
forward direction of the base-enn . 

The second half cycle is completed asthe s 
voltage decreases from negative m 
0, the base-emitter current decreases 

-200 to -100 and the collector ^* 

creases from -8 ma to -4 ma and 
voltage swings from 0 v. back 

The peak-to-peak signal voltage a PP®^ 
across the primary of the output ^ 

is 15 v. The peak-to-peak signal 
of current .through the primary . w 
transformer is 8 ma. The power ^ 

the amplifier is e rms i rms , or Y x 0,707 * ^ 

0.707 = 15 mw. 


Cascade Amplifiers 
SINGLE-ENDED CONNECTIONS 

Transistor amplifier stages 21. 

nected in cascade as illustrated in ^ 

TR1 and TR2 are PNP junction transis 1unC ti® 
voltage amplifiers, and TR3 is a .Tl is 
transistor power amplifier. Transf c0lI ple8 
a stepdown matching transformer ^ 
a high-impedance microphone 

impedance input circuit. Intcrstag ^ ^ 
transformers T2 and T3 match T* J^e d 
pedance of one stage to the input i P 
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Figure 11-21.—Cascade connection of transistor amplifiers. 


the next. These impedances are not widely dif¬ 
ferent. For example, the output impedance of 
TR1 may be 20,000 ohms and the input im¬ 
pedance of TR2 maybe 1000 ohms. Transformer 
T4 is a stepdown transformer that couples the 
output signal in the collector circuit of the third 
stage to the low-impedance voice coil of the 
reproducer. Capacitors Cl, C2, and C3, block 
the d-c bias from the secondaries of Tl, T2, and 
T3 and couple the signal to the input circuits. 
Potentiometer P serves as a volume control for 
the amplifier. Volume increases as the arm is 
moved toward the upper end of T2. Resistors 
Rl, R2, and R3 limit the no-signal base-emitter 
bias current to the proper value for each stage. 
The grounded emitter is common to all input 
and output circuits, and the polarities of the 
input and output d-c voltages for each stage cor¬ 
respond to those required by PNP junction tran¬ 
sistors. 


PUSH-PULL 

Transistor power amplifiers are usually 
connected in push-pull because of the advantages 
over single-ended operation. The most im¬ 
portant advantages are the reduction in distortion 
and the removal of d-c core saturation from 
the output transformer. Second harmonic dis¬ 
tortion and other distortion caused by even- 
order harmonics are cancelled in push-pull 
class A amplifiers. The load impedance and 
the output power are twice the value s for single- 
ended operation. The incremental inductance 
of the output transformer is higher as a re¬ 
sult of the elimination of the d-c component of 
primary current. 

A class A push-pull amplifier using PNP 
transistors is illustrated in figure 11-22(A). 


The characteristic curves for these transistors 
are illustrated in figure 11-22 (B). Whenbiased 
for class A operation the no-signal collector 
current is 4 ma (point B on the load line). The 
corresponding base current is 100 A a. The 
voltage across the bias resistor, Rg, is the dif¬ 
ference between the battery voltage and the 
drop across the base-emitter circuit, or 7.5 - 
0.1 = 7.4 v. The no-signal base-emitter current 
through Rg is the sum of the base-emitter cur¬ 
rent supplied to each transistor, or 200 ma. The 

7 4 

resistance of Rg is goo x 10-6 ~ 37 ’ 000 ohms ‘ 

Consider the action of the input signal on the 
base-emitter current of each transistor. When 
t =0° the input signal is 0, and the base-emitter 
current through Rg divides at C, flowing in op¬ 
posite directions through the two halves of the 
secondary of Tl. 

When t =90^ the signal voltage has a peak 
value of 0.2 v, and the direction is represented 
by the solid arrows. The signal voltage is dis¬ 
tributed equally between both halves of the 
secondary of Tl with 0.1 v acting in each half. 
By tracing around the input circuit of TR1, 
GFCABEG, the voltage equation is developed. 

V - ! VOLTS 

By Kirchhoff's law of voltages,/ GFCABEG = °* 

and the corresponding equation is 7.5 - 7.4 - 0.1 
-0=0. The first term of this equation repre¬ 
sents the battery voltage, the second term 
represents the drop across Rg, the third term 
represents the signal voltage across the upper 
half of the secondary of Tl, and the fourth term 
represents the drop across the base-emitter 
circuit of TR1. At this instant (t = 90°) the 
signal voltage induced in the upper half of the 
secondary of Tl opposes the flow of base- 
emitter current in TR1, and the base current of 
TR1 is 0. 
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(A) CIRCUIT 

Figure 11-22.—Transistor push-pull amplifier. 


At the same instant the signal voltage induce 
in the lower half of the secondary of T1 aids tt 

flow of base -emitter current in TR2. Thevoltae 

V ati VOLTS rreSP0nding t0 thG desi ^tic 
L GFCDBEG = 0 is ^‘5 - 7.4+ 0.1 - 0.2 = 0. TI 
first term represents the battery voltage th 
second term represents the drop across tl 
third term represents the voltage induced in th 
lower half of the secondary of Tl,andthe fo^ 
term represents the drop across the basf 
emitter circuit of TR2. At this instant (tr on 
the base-emitter current of TR2 is 200 
One-half cycle later when t =270° the nr 
larities of the signal voltage are reversed p 
indicated by the dotted arrows in the secondai 
of Tl. At this instant the voltage in the unw 
half of the secondary of Tl aids the base-emittf 
bias voltage of TR1, and the base current of TF 


increases to 200 ^ a. At the same inst 311 . 
voltage in the lower half of the sec0 ” d 
Tl opposes the base-emitter bias of: T » 
the base current of TR2 decreases to . 

V 1 VOLTS :0 

the upper circuit, GFCABEG/ .^fcABEG 

and the voltage equation is 7.5 - ’L4 + 0*}' 'q 
= 0. For the lower circuit, GFC 

7.5 - 7.4 - 0.1 - 0 =0. From the fourt J* e L e . 
these equations the voltage dropacrosst e ^ 
emitter terminals of the transistors s • 
for TR1 and 0.0 v for TR2. Thns t^^ 
emitter current of TRl has increased i 
m a. while that of TR2 has decreased to 0. 

The current through Rb remains 
over the input cycle, hence the voltag 
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•oss Rg is constant, and Rg does not re- 
re a bypass capacitor when the amplifier is 
rated class A. 

The waveform of current in the collector 
cuits of TR1 and TR2 is like that of the input 
:uits. On no-signal the collector currents 


flow in opposite directions through the primary 
of T2 from the center tap. Because these cur¬ 
rents are equal in magnitude, the ampere turns 
are equal. Because they are opposite in di¬ 
rection, they produce no effect on the magneti¬ 
zation of the iron, and there is no magnetization 
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of the core when the input signal is 0. When the 
input signal current increases the collector cur¬ 
rent of TR2 from 4 ma to8ma, it decreases the 
collector current of TR1 from 4 ma to 0. The 
increasing current in the lower half of the 
primary of T2 and the decreasing current in the 
upper half combine additively in the secondary 
to produce the output voltage of T2. Similarly 
on the next half cycle the increasing current 
in the upper half of the primary of T2 and the 
decreasing current in the lower half combine 
additively in the secondary. The effect is the 
same as that of combining the output signal 
voltages of TR1 and TR2 in series addition 
across the two halves of the primary of T2. 
Thus, the TRl output signal voltage of 15 v 
(peak to peak) combines effectively in series 
addition with the TR2 output signal voltage of 
15 v (peak to peak) to produce a peak-to-peak 
output voltage of 30 v. The peak-to-peak signal 
current through the primary of T2 is 8 ma. Thus, 
the effective impedance looking into the primary 
30 

of T2 is q-qqq =3750 ohms. The power output is 
30 8 

e rms 1 rms = -?> x 0.707x-g-xO.707 = 30 mw. This 

value of power output is twice that of the ex¬ 
ample of figure 11-20 in which a single ended 
amplifier employs a transistor of the same 
characteristics as those of the push-pull stage. 

HARTLEY OSCILLATOR 

A transistor oscillator may be of the feed¬ 
back type employing LC tank circuits or of the 


negative resistance type employing RC circuits. 
A transistor oscillator employing feedback with 
an LC tank is illustrated in figure 11-23. The 
oscillator is equivalent to an electron-tube 
oscillator of the Hartley type. The collector 
circuit may be shunt fed (fig. 11-23 (A)) or 
series fed (fig. 11-23 (B)). In this example 
the emitter is common to both input and output 
circuits. The transistors are of the NPN type. 
Resistor R B limits the base-emitter bias cur¬ 
rent to the proper value. The L and C values 
of the tank circuit control the frequency of the 
oscillator. Capacitor C B prevents the tank 
coil from shorting the base-emitter junction» 
the transistor. Resistor Re limits the collector 
current to a safe value and C E prevents negative 
feedback. Battery E B provides bias currentior 
the input and collector voltage for the output 
circuit. 

When S is closed (fig. 11-23 (B )),.collector 
current flows from the negative terminal of 
battery through the lower portion of thet^ 
coil to terminal E of the transistor by way d 
the center tap on L. The rising va Jie 
collector current induces a voltage in 
half of L that aids the flow ofbase -emitter 

current. The direction of “h 3 " 01 ^. 
represented by the solid arrow. eg 

panying increase in base -emitter current caus 

a further increase in collector curre ■ 
action continues until saturation is r , 

Resistor R E limits the magnitude of the cole 

current by causing the collector'VO ag 
proach zero at the allowable maximu 
of oollpotor current. 




(A) SHUNT FED COLLECTOR (B) SER | ES FED COLLECTOR 

Figure 11 23.—NPN junction transistor Hartley oscillator. 
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At saturation the collector current stop; 
■ising and the induced voltage in the upper hal 
* L reduces to zero. This action reduces th« 
nagnitude of the base-emitter bias current 
mch reduces the magnitude of the collector 
urrent. The collapse of collector current in- 

ohfr-t* I 0l !u g f ^ the u PP er half of L of opposite 
olanty to that originally induced by the rise oi 

1P e H C ^ r ^ CUrrent The directi °n is indicated by 

ase pmrn This volta ^ e °PPOses the 

nllppt^ tter biaS current and reduces the 
Dllector current to zero. When the collector 

DPer half S nf e T r °^ the lnduced volta ^ in the 
jper naif of L becomes zero and the emitter 

ise bias current again increases. The increase 

collector current initiates the second cycle 

operation. During each half cycle the tank 

iLf 1 01 f charges and discharges with aninter- 
dnge of energy occurring between the coil and 
- capacitor. This action controls the oscillator 
••quency. Increasing L or C decreases the fre- 


SUPERHET AM RADIO RECEIVER 

rp AM radio receiver employing 

! transist or triodes with the emitters 
mon to input and output circuits is illustrated 
. 0 ^ r ® n - 24 * The RF signal is developed 
6 Sf 1 ? lary °* (tuned loop antenna). 
t0r - TR1 serves as local oscillator and 
' Th e secondary of L2 is the local 
ator feedback coil, which also acts in series 


with the RF signal from LI. The RF signal 
and the local oscillator signal act in series 
across the base-emitter input circuit shunted 
by Rl. Because the base-emitter circuit is a 
rectifier, it acts as a nonlinear impedance. 
Therefore the sum and difference frequencies 
of the RF signal and the local oscillator appear 
across the input in addition to the RF signal 
and the local oscillator voltage. 

The primary of T1 is resonant to the IF 
(the difference frequency), and the other three 
frequencies are of insufficient strength to get 
through Tl. Tuning capacitor Cl is resonant 
with LI over the broadcast band. Tuning 
capacitor C2 is ganged with Cl and is resonant 
with L2 over a range of frequencies above the 
R F input by an amount equal to the IF. Capacitor 
C3 blocks the battery voltage from the second¬ 
aries of LI and L2 and couples the RF signal and 
local oscillator voltages to the input circuit of 
TR1. Resistor R3 limits the collector current 
to the proper value, and C5 prevents degenera¬ 
tion from occurring across R3. Resistor R2 
provides the proper base current bias for TR1. 
The parallel resonant tank of Tl is tapped down 
for a proper impedance match with respect to 
the collector circuit of TR1. Resistor R4 and 
capacitor C13 act as a decoupling filter for L2 
with respect to the other stages and the common 
battery supply. Capacitor C4 couples the lower 
end of L2 to the corresponding end of C2 and 
thus completeS‘ the L2-C2 tank circuit without 
grounding the negative terminal of the battery. 


c 
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Transistor stages TR2 and TR3 are IF volt¬ 
age amplifiers employing IF transformers (T2 
and T3) with tuned primaries and untuned 
secondaries. The primaries are tapped down 
for the proper impedance match, and the second¬ 
aries are untuned because they supply low im¬ 
pedance loads. The transistors have internal 
capacitance between base and collector circuits, 
which corresponds to the inter electrode capaci¬ 
tance between plate and control grid in triode 
electron tubes. Capacitors C8 and C9 neutralize 
the TR2 and TR3 stages respectively. Neu¬ 
tralization prevents positive feedback through 
the internal capacitance coupling and also per¬ 
mits the primaries of T2 and T3 to be inde¬ 
pendently alined without interaction. 

The first IF amplifier has an a-v-c voltage 
acting in the base-emitter circuit derived from 
C12. The voltage across C12 is obtained from 
the output of the second detector, Dl, through 
decoupling resistor R12. The magnitude of the 
d-c voltage across C12 depends upon the ampli¬ 
tude of the audio voltage component developed 
across R13, which depends, in turn, upon the 
strength of the IF signal across the secondary 
of T3. The action on the increased signal in¬ 
creases the base-emitter bias current and 
shifts the operating point of TR2 from B toward 
point X on the load line (fig. 11-22 (B)). 

A portion 04 the collector-current signal 
component is clipped, and a corresponding re¬ 
duction in input signal energy is delivered to TR3. 
The flywheel effect in the T2 primary-tuned 
circuit supplies the missing portion of the clipped 
signal. However with limited energy content the 
amplitude of the output signal is limited and 


a-v-c action is obtained. 

The IF component of the output signal of T3 
is by-passed around R13 to ground by way of the 
demodulation capacitor, C14. The audio and d-c 
components of the output signal are developed 
across diode load resistor R13. The audic 
component is coupled to the input circuit of the 
audio voltage amplifier, TR4, through C15 whict 
blocks the d-c component of R13 from the input 
circuit of TR4 and also blocks the battery voltage 
from the diode detector, Dl. Transformer T4 
couples the output signal of TR4 to the inpul 
circuits of the final amplifier. This stage con 
sists of transistors TR5 and TR6 connected ir 
push pull. Phase inversion of the input signa 
to the push pull stage is obtained by connecting 
the bases of TR5 and TR6 to opposite ends of the 
TR4 secondary and returning the emitters to the 
center tap. The voltage divider R17-18 provide* 


the proper base-emitter bias for class Bopera* » 

tion. Resistor R19 limits the collector currents * 
to the safe value for maximum signal and maxi- s 
mum temperature conditions. The audioampli- s 
fiers do not require neutralizing because 0! « 

low-capacity coupling between collector andbase 
at the audio frequencies. ; 


SERVICING TECHNIQUES 


Transistors may be damaged beyond repair 
by applying the incorrect polarity to the col¬ 
lector circuit or excessive voltage to the input 
circuit or by careless soldering techniques 
that overheat the transistor. Also the low- 

voltage electrolytic capacitors used in transistor 
circuits are easily damaged by reversed polarity 

connections or excessive voltage. 

Because of the small physical size of tran¬ 
sistors and their associated circuit componen , 

small sized tools should be used. Small c« 
pliers and needle-nose pliers are more 
than the conventional sizes. Narrow-bla es 
drivers are more useful than ^ 

ventional types. A sharp-pointed, 
probe is also useful for cleaning so 
small openings or areas. Soldering F 
formed more satisfactorily with a sma w 
wattage soldering iron or pencil having 

^Alwa^s 6 ground the frame of th ® 
to the chassis when soldering around 
of transistor circuitry. Enough leakag , ^ 
is present in most irons to cause dara *£,. on t 0 
transistor. Soldering with anungroun 
a transistor and its associated c f r ^ ul v J ause 

in one's hand may damage the transistor mc 

the body has considerable capacitance ^ 
the charging of this capacitance it. 

transistor can cause permanent aa & ^ 

The junction is made very thin in 

operate at very high frequencies an _ ^ 
damaged by excessive current, in ^ 

caution (grounding the frame or chas ^ 
be followed in applying any a-c oper 
equipment. .. tern ii- 

When soldering transistor leads, s 

nal lead should be held with needle-n ^ 
positioned between the transistor 0 ? eat to 

lead end. This arrangement allows 

travel into the pliers, thereby divert J? at a u the 
from the transistor. To make sure ^ 
heat is drawn away from the tran j or a 
pliers should remain securely on the 
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short interval after removing the iron. Tran¬ 
sistor leads should be relatively long and the 
soldering operation should be as short as pos¬ 
sible. Low-temperature rosin core solder is 
the proper type to use. 

Where transistor leads are stiff they maybe 
plugged into appropriate type sockets. In this 
case the socket terminals should be soldered 
only when the transistor is out of the socket. 

Transistors are biased in the forward, or 
low-resistance direction, of the base-emitter 
input circuits. These circuits are particularly 
vulnerable to any excess voltage over their 
rated value. This excess voltage can cause a 
current to flow that will overheat the transistor 
junction and permanently damage it. Proper 
operation depends on the crystal lattice struc¬ 
ture and the impurity atoms that are present. 
Heat will distort the lattice and affect the be¬ 
havior of the impurity atoms so that normal 
transistor action is seriously impaired. Ex¬ 
cessive collector current will generate more 
heat in the relatively high impedance of the 
collector circuit and damage the transistor. 
Maximum allowable collector current depends 
on the ambient temperature. If the ambient 
temperature goes up, the maximum allowable 
collector current is decreased. 

Both the value and the polarity of voltages 
to be applied to transistor circuits should be 
carefully checked before they are applied. 
It is important to know the type of transistor 
being used. The NPN types require positive 
collector voltages and negative emitter voltages 
(fig. 11-19); whereas, the PNP type requires 
negative collector voltages and positive emitter 
voltages (fig. 11-20). Transistors should be 
inserted properly in their sockets before 
voltages are applied in order to avoid the pos¬ 
sibility of transient current which might damage 
a transistor if allowed to flow. Similarly, 
voltages should be disconnected before re¬ 
moving transistors from their sockets. If the 
magnitude of the collector current is in doubt, 
i milliammeter of suitable range should be con¬ 
nected in series with the collector terminal and 
mattery potential should be applied gradually, 
or example, by means of a potentiometer. 

When signal generators are used in testing 
ransistor circuits the magnitude of the signal 
ihould be limited to a low value, especially in 
he low-level input stages. Indirect coupling, 
either capacitive or inductive) is preferred to 
irect coupling. The ungrounded lead from 
he output terminal of the signal generator can 


be terminated on the insulated portion of a 
capacitor or resistor in the circuit under test. 
Another method is to connect a coil to the output 
terminals of the signal generator and bring the 
coil into proximity with inductive elements of the 
circuit under test. 

If an ohmmeter is used to check components 
in a transistor circuit, the range in use should 
not employ a battery of more than about 3 v. 
Higher voltages can damage the transistor. 
Electrolytic capacitors may give incorrect read¬ 
ings if the rule for polarities of the ohmmeter 
leads is not observed when connecting the leads 
to the capacitor terminals. The positive lead of 
the ohmmeter must connect to the positive 
terminal of the electrolytic capacitor. 

A transistor may be tested for its amplifying 
property by inserting it in a circuit like that of 
figure 11-19 and applying a suitable input sig¬ 
nal, preferably from an audio signal generator. 
The input and output voltages are then measured 
with a vacuum-tube voltmeter and the gain is 
calculated. This value is then compared with 
that of a transistor known to be in good con¬ 
dition. 

When the output of a transistor radio re¬ 
ceiver is distorted or weak, the first thing to 
check is the battery. Its voltage should be 
checked with a vacuum-tube voltmeter or high 
resistance volt-ohmmeter while the set is 
turned on. If the battery is weak, its voltage will 
be down 20 percent or more. Before replacing 
the battery the resistance between the battery 
clips should be checked. For example, if the 
resistance measured with an ohmmeter, (re¬ 
quiring a battery of not over 3 v.)is 8,000 ohms 
and the manufacturer's limits are 6,000to 15,000 
ohms, it is safe to insert a new battery. An 
alternative method of some manufacturers is to 
indicate the allowable current drain of the bat¬ 
tery instead of the resistance between the battery 
clip with the battery removed. To obtain an in¬ 
dication of the current that the battery supplies 
to the set a milliammeter can be connected in 
series with the battery and either clip. 


TRANSISTOR POWER SUPPLIES 

Transistor circuits require relatively low 
amounts of power compared to electron-tube 
circuits, and for thi£ reason, small batteries 
like the carbon-zinc types and the newer mer¬ 
cury types are used. 
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The mercury cell employs a negative elec¬ 
trode of zinc and a positive electrode of mercuric 
oxide. The electrolyte is a solution of potassium 
hydroxide. Local action is very small and the 
cell has a long shelf life. 

The range of transistor power supply ratings 
is from the low voltage and current ratings of 
small flashlight cells to the medium ratings 
of 15-volt to 30-volt “B” batteries. The smaller 
voltage and current requirements pertain to 
subminiaturized equipments like hearing aids. 
The medium requirements pertain to transistor 
power amplifiers like those terminating in a 
loudspeaker. 

Where transistor circuits are to be operated 
from an a-c source, the transistor power supply 
utilizes components that are smaller than those 
used in electron-tube power supplies. The com¬ 
ponents may include a 2-winding power supply 
transformer, a crystal rectifier, a voltage di¬ 
vider, and a low pass filter. The filter com¬ 
ponents may include resistors and electrolytic 
capacitors. To prevent damage to transistors 
due to excessive current, series limiting re¬ 
sistors are sometimes provided. 


INTERCOMMUNICATION SYSTEM 


Figure 11-25 shows the amplifier and volt¬ 
age regulator used in the control boxes of the 
ICS system in the A3D aircraft. Each control 
box contains these two units, along with switch¬ 
ing arrangements for the multitude of circuits 
with which it works. 

Inputs to the amplifier are radio, ICS, and 
microphone. Switching arrangements to con¬ 
nect the various inputs into the amplifier are 
not shown. B and C are jumpered to place 
the microphone at the input to Q3, and K and C 
are jumpered to place the receiver at Q3's 
input. The ICS input is capacity coupled to the 
amplifier at all times. Q3 is the driver for 
the push-pull amplifiers Q4 and Q5, and the 
audio output is applied to pin D. 


Radio and ICS signals may be applied to the 
amplifier simultaneously; however, the AVC 
stage Ql receives part of the ICS signal and 
develops a bias voltage for the buffer stage 02 
When the radio and ICS signals are applied 
simultaneously, the buffer is biased so as to 
attenuate the radio signal. When the radio 
signal alone is applied, it is jumpered from 

r s n the ICS S reCeiTCS the Same tre " 


Stabilization feedback is supplied from pinD 
to the output of the driver by RC coupling. The 
amplifier uses a regulated 20 volts d. c. from 
the voltage regulator, shown at the bottomofthe 
figure. 


ZENER DIODE 

The Zener diode, commonly called a break¬ 
down diode, is a welcome newcomer to elec¬ 
tronics. Its principal uses are voltage regula¬ 
tion, surge protection, arc suppression, 
coupling, biasing, and switching. 

Zener diodes are available over a wide 
range of voltage and power levels, as com¬ 
pared to the VR tube which is limited in these 
respects. A comparison between the twowi 
be made later. It is unique among semi- 
conductor s in that its rectifying junction orates 
at a reverse bias condition. Special diff 
techniques are applied in the formation^ 
junction to create the required reverse bi 
properties. When this rectifying jw 

back-biased above the junction breakdown ’ 01 
age, the Zener knee and constant voltage plate 
that characterize the Zener operating c 
obtained. , oc /a\] 

In the forward-biased diode (fig- ’ « 

the P region is made more positive _ 
region. This polarity causes the holes * 
P region and the electrons in the N re ^ ^ 
pressed against the potential barr . er ’ rine its 
decreasing the barrier’s width and 1 & 

resistance. When the PN junction <p 
biased, figure 11-26 (B), the Pj^L^are 
material) and the free electrons (N ^ 

attracted away from the potentialJpa * ^ 

increases its effective width and in 

resistance to current flow. nerfect- 

Semiconductor materials are I J eve . 
There are always a few free ele f* r< ^ 1 ma terial- 
material and a few free holes in the j ree 
Thermal agitation will produce even ent 

electrons and holes, which are mm ° inflow 
carriers. These cause a small r ^ rr pX t r eniely 
in the back-biased condition. This ^ 

small current is called reverse c_ n + value at 
tends to remain at an almost cons\L v0 ltage. 
all voltages up to the junction break , to this 

As the reverse voltage is tacre curren t 
critical point and beyond (fig- ; ^ wrier to' 
conduction across the potential from 

creases very rapidly. The tran s harp ^ 
nonconduction to conduction is very 
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(A) 


APPLIED FIELD 


VERY 
SMALL 
I CURRENT 


-M + 


P 

4 - 

+ + + 

+ 4 - + + 
— 4 - + + 

-4 + 
+ + + 
+ 



(B) 


CHARGES FROM BOTH P AND N REGIONS 
DRIFT ACROSS JUNCTION AT VERY LOW 
APPLIED VOLTAGES 


FORWARD BIASED PN 
JUNCTION 


AT APPLIED VOLTAGES BELOW THE CRITICAL 
BREAKDOWN LEVEL ONLY A FEW CHARGES 
DRIFT ACROSS THE INTERFACE. 


REVERSE BIASED PN 
JUNCTION 


SEVERAL VOLTS 
APPLIED FIELD 


(0 



Figure 11-26.-Zener diode 


WHEN THE APPLIED VOLTAGE IS ABOVE 
THE BREAKDOWN POINT, A FEW FREE 
ELECTRONS RECEIVE ENOUGH ACCELERATION 
FROM THE FIELD TO GENERATE NEW 
ELECTRONS BY COLLISION. DURING THIS 
PROCESS THE VOLTAGE DROP ACROSS THE 
JUNCTION REMAINS CONSTANT. 

R s ABSORBS EXCESS VOLTAGE. 


REVERSE BIASED PN JUNCTION 
IN AVALANCHE 

CONSTANT VOLTAGE DROP 

current characteristics. 


<x vaicinu 




- 


barrier. 

,. Th * avalanche, in simple terms, ca 
thought of as a process of electron multiple 
by collision. A schematic representation o 
process is shown in figure 11-26 (C) ir 
process, a free electron in the P materia 
ceives enough energy from the applied 


across the potential barrier to acc ®J® r fixe( j 
sufficiently so that when it collides with a ^ 
electron it can knock it free. This P ^ 
electrons is again accelerated until eac 
lides with two more electrons, resulting ^ 
electrons which are accelerated, an® ^ 
This current multiplication process can gr ^ 
higher and higher applied voltages. Howev > 
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Figure 11-27.—Zener characteristic curve. 


ltage across the barrier does not increase 
bstantially, since the energy of the avalanche 
jctrons is limited by the critical impact 
locity. 

This constant voltage condition across the 
>de junction implies that there must be a 
sistive element somewhere in the circuit 
•oss which the applied voltage can drop to the 
istant level. This ballast element may be a 
isive resistance element (resistor), an active 
listance element (transistor), a capacitive 
ctance (capacitor), or an inductive reactance. 
The voltage level at which breakdown occurs 
;losely controlled by the impurity concentra- 
is and gradients introduced into the semi- 
ductor material. The special semiconductor 
usion techniques insure a very close control 
his important Zener diode parameter, as well 
he associated limits and tolerances. 

Figure 11-27 is typical for all types of 
er diodes. It shows that the Zener diode can 
Juct current in both directions. The forward 
rent. Ip, is a function of forward voltage, Vp. 

3 is essentially the same for all Zener diodes. 

forward characteristics are used in some 
ications. V Z is the nominal Zener voltage 


which may range from 6.8 to 200 volts, depending 
on the type of diode. The Zener knee is repre¬ 
sented by a sharp break from virtual nonconduc¬ 
tion to conductance at the nominal Zener voltage, 
Vz. The minimum regulator current varies in 
various types. The maximum Zener current, 
IZM' is by the power dissipation of the 

diode. Between the limits of I ZK and I ZM , which 
are 5 ma. and 1,400 ma. (1.4 amps) in the ex¬ 
ample of figure 11-27, the Zener voltage, V z , is 
essentially constant. The precise value of 
V z will change slightly due to temperature. 


Voltage Regulation 

Voltage regulation is required in many ap¬ 
plications to correct for two kinds of circuit 
variables. These are (1) variations in input 
voltage level, and (2) variations in circuit load. 
Load variations may be due to its normal 
operation during which the load voltage is to 
remain constant. 

Figure 11-28 compares the Zener diode 
as a voltage regulator, with the familiar gaseous 
tube regulator. The VR tube requires a supply 
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SHUNT REGULATORS-VOLTAGE REGULATOR TUBE AND ZENER DIODE 



i 


T 

VlON 


V L = 70 VOLTS MIN. 

_1 _ 




Figure 11-28.—Zener diode versus VR tube. 


voyage as mucn as zu percent higher than its 
regulated output voltage; while the Zener diode 
breaks down, or conducts, at its specified 
voltage. Circuit operation of the two regulators 
is otherwise almost identical; however the 

differences in physical and electrical character 

istics point out the benefits of the Zener diode 
over the VR tube. 

The gaseous regulator tube volt-ampere 
characteristics are established by the design 
and construction of the tube. The voltage level 

V L is a function of the gas discharge character 

istics established by the kind of gas used As 
a consequence, the minimum voltage level which 
can be obtained is about 70 volts. These tubes 
are not ordinarily available over a small-chamre 
range of voltages, but vary in large jumps such 
as 70, 90, 105, 135 volts, and so forth 

Zener diodes are not bound by these limita 
tions. They are available over a continuous 


voltage ra’nge in 5, 10, or 20 percent tolerant 
intervals from a minimum of 6.8 vol 
maximum of 200 volts. . . 2U 

In the VR tube, the constant voltage pia 
is narrowly limited between two curr ® I J, p q . ^ 
tities determined by the positions of . 

elements. Exceeding the maximum curre 

tation of the VR tube results in a hi S h f.J° 
drop, a loss of regulation, and eventual 
tion of the tube. In the Zener diode the 
current carrying capacity is limited only y ^ 
junction characteristics and the diode s a 

to dissipate heat. These considerations 

possible the production of Zener diodes o ^ 
wide range of power handling capabili • 
addition to the advantages of regulate f 
at almost any desired voltage level, 
diodes have the added advantages o 
physical size, extreme ruggedness, an 
filtering action. 
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Zener Symbol 

The Zener diode is normally used with re- 
erse bias applied, and its operating character¬ 
ises require that current flow be in the op¬ 
hite direction from other solid-state diodes, 
herefore, the symbol for the Zener diode in¬ 


dicates current flow WITH the arrow, and is 
identified (in this chapter) by a small B beside 
the symbol (fig. 11-28). The B indicates Zener 
or breakdown diode. No standard symbol has 
been established for the Zener diode as yet, but 
in schematics it will normally appear different 
in some respect from other diodes. 


QUIZ 


l. Adding arsenic to germanium crystals in 
small quantities 

a. creates hole carriers 

b. strengthens the crystal structure 

c. increases the conductivity of the crys¬ 
tals 

d. decreases the conductivity of the crys¬ 
tals 

.. The primary advantage in using a grounded- 
collector amplifier is its application for 

a. power amplification 

b. impedance matching and isolation 

c. high voltage gain 

d. phase inversion 


To which vacuum-tube amplifier circuit 
does the grounded-emitter amplifier com¬ 
pare? 

a. Grounded grid 

b. Cathode follower 

c. Grounded plate 

d. Grounded cathode 

Applying a voltage across a PN junction in 
the forward direction 

a. increases the junction resistance 

b. blocks current flow 

c. increases the potential hill 

d. lowers the potential hill 


In a transistor amplifier, if the signal causes 
an increase in base current the 

a. collector current increases 

b. emitter current decreases 

c. collector current decreases 

d. output signal is positive-going 


The biggest factor in the increased ef¬ 
ficiency of the transistor over the vacuum 
tube is the 

a. relatively small potentials involved 

b. elimination of filament power 

c. use of current for bias 

d. method of biasing 


7. In the point-contact transistor, the 

a. emitter is biased in the high resistance 
direction 

b. collector is forward biased for low re¬ 
sistance 

c. emitter is biased forward and the col¬ 
lector i.s biased in reverse 

d. collector is biased forward and the 
emitter is biased in reverse 

8. The relationship of input and output re¬ 
sistance of the grounded collector amplifier 
is 

a. high input; high output 

b. low input; high output 

c. high input; low output 

d. low input; low output 

9. One great difference between junction and 
point-contact transistors is the 

a. current gain, emitter to collector (alpha) 

b. method of d-c biasing 

c. type of crystal used 

d. type of material used 

10. The grounded-emitter amplifier has the 
capability of having the highest 

a. current gain 

b. power gain 

c. resistance gain 

d. voltage gain 

11. The basic difference between vacuum tube 
and transistor circuits is the 

a. method of d-c biasing, and component 
values 

b. class of operation 

c. type of coupling between stages 

d. types of filament power employed 

12. The current gain (alpha) of a junction tran¬ 
sistor is less than 1 because 

a. the collector junction possesses a large 
barrier 

b. base cur rent is greater than emitter cur¬ 
rent 

c. electrons diffuse at a slower rate than 
holes 

d. recombination base current varies with 
the emitter current 
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13. The Zener potential of a PN junction is the 
point of 

a. forward conduction saturation 

b. zero bias 

c. reverse breakdown 

d. diode destruction 

14. The difference between the circuitry of 
PNP and NPN transistors is the 

a. position of the load resistor 

b. point where the signal is injected 

c. polarity of the bias batteries 

d. number of bias batteries required 

15. One disadvantage in stabilizing transistor 
amplifiers is that stabilization 

a. increases signal distortion 

b. causes regeneration of the input signal 

c. increases the effective gain of the am¬ 
plifier 

d. reduces the effective gain of the ampli¬ 
fier 

16. A grounded-base amplifier is character¬ 
ized by a 

a. very low input resistance and a high 
output resistance 

b. medium input resistance and a medium 
output resistance 

c. high input resistance and a very low 
output resistance 

d. medium input resistance and a high out¬ 
put resistance 

17. In semiconductor crystals, a hole carrier 
is formed when 

a. a positively charged atom becomes mo¬ 
bile 

b. a valence electron moves to an acceptor 
site 

c. an electron vacates the crystal, causing 
an unbalance of charges 

d. arsenic is added to N material 

18. A characteristic of the grounded-collector 
amplifier is a 

a. voltage gain less than 1 

b. power gain less than 1 

c. current gain less than 1 

d. high voltage gain 


20. Stability of operation of most transistor 
amplifiers is temperature dependent. A> 
the temperature increases the 

a. average collector current decreases 

b. conducting resistance increases 

c. collector voltage increases 

d. average collector current increases 


21. In the grounded-base NPN transistor am¬ 
plifier, a positive-going input signal results 
in 

a. an increase in emitter current 

b. a positive-going signal at the collector 

c. a polarity reversal of the signal, input 
to output 

d. an increase in collector current 


22. The grounded-emitter amplifier has a 

a. low input and a high output rests anc^ 

b. medium input and a medium outpu re 

sistance . 

c. high input and a low output resistanc 

d. medium input and a high outpu 
sistance 


23. In the grounded-emitter amplifier, 

a. the current gain is less than 

b. the emitter is reverse biased 

c. a polarity inversion occurs, mpu 
output 

d. there is no polarity inversion 


24. PN junction diodes and transistor 

a. alternate layers of P-type and ^ 
material in the same piece o 
conductor crystal . , tr0 . 

P-type and N-type crystals m 

mechanical contact N.tvpe 

alternate layers of P-tyP® cr e- 

crystals joined mechanical y> 
ating high barrier forces „_ a tpdbY 

P-type and N-type material sep 

an impurity 


b. 


d. 


19 ’ Is a Zener diode is generally employed 

a. detector in receivers 

b. power rectifier 

c. voltag,e regulation diode 

d. clamper 


25. Amplification by a transistor is P rl 
due to its 

a. applied voltage being small 

b. relatively high resistance g ain 

c. low conduction resistance 

d. low power dissipation 
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CHAPTER 12 


PRINCIPLES OF TELEVISION 


INTRODUCTION TO TELEVISION 

An introduction to television is given in AT 
3 & 2, NavPers 10317-A. Since most of the ma¬ 
terial covered in that course will not be repeated, 
you are advised to review that material before 
continuing with this one. In doing this you will 
gain a continuity of instruction that presents TV 
theory in a logical and simple manner. An un¬ 
derstanding of the composite TV signal and the 
functional block diagram of a TV system are 
essential to the reader. These are presented 
in AT 3 & 2. 

The approach in this chapter is generalized, 
and specific equipments are treated only to the 
extent necessary to clarify the operating prin¬ 
ciples of certain specialized circuits. As is 
true of many other seemingly complex elec¬ 
tronic equipments, television is not actually as 
complex as it might appear to be when the over¬ 
all operation is considered. However, the basic 
simplicity becomes apparent only when the sys¬ 
tem is reduced to its individual components and 
the function of these components is considered 
separately. 

Although the operation of the individual com¬ 
ponents is relatively simple, television is a 
comprehensive subject. Much of the theory cov- 
*red in Basic Electricity, NavPers 10086-A, 
ind Basic Electronics, NavPers 10087, plus 
tome of the theory of specialized circuits cov- 
red in the rating courses is utilized in explain - 
ng the operation of television circuits. Thus, 
he study of television affords an admirable re- 
iew of the basic principles of electricity and 
lectronics and at the same time familiarizes 
ie technician with an important new branch of 
ommunication. Throughout this chapter it is 
ssumed, of course, that the reader has a 
lorough knowledge of the basic principles of 
lectricity and electronics. 

It must be borne in mind that in a single 
lapter it is hardly possible to give a detailed 


treatment of all the various ways a specific 
job in a television receiver may be accom¬ 
plished, For example, there are numerous 
methods of controlling the horizontal sweep 
oscillator in a television receiver. There are 
also various methods used in clipping, clamping, 
and filtering; and likewise there are variations 
in the type of circuits used in automatic-gain- 
control, automatic-frequency-control, and high- 
voltage circuits. In general, only the simple 
more straightforward circuits that will convey 
the basic concepts are used. 

Most probably, naval aircraft will soon be 
using TV for many purposes, but TV in naval 
aircraft is presently limited to closed-circuit 
applications. Several aircraft carriers employ 
closed-circuit TV to such advantage that it is 
certain to become general practice on many 
ships. Projects involving airborne TV, and TV 
relaying, have been highly successful. A closed- 
circuit system for disseminating weather in¬ 
formation to remote points has been used for 
several years. TV is definitely here to stay until 
something better replaces it. 

For purposes of continuity, a small portion 
of the material in AT 3 & 2 will be repeated. 
This material will also be covered in more de¬ 
tail to give a more comprehensive study at the 
AT 1 and C level. 


Scanning 

As was explained in AT 3 & 2, the television 
image (or the electrical impulses that are the 
equivalent of the image) is transmitted element 
by element in quick succession. In the present 
state of the art, any other method of transmis¬ 
sion would be too complex and expensive. For¬ 
tunately, it is possible to transmit and recon¬ 
struct the image in this manner and still maintain 
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good picture quality provided the number of pic¬ 
ture elements transmitted and reproduced re¬ 
mains large. 

In order to transmit the image impulses 
element by element, it is necessary to employ 
a system of scanning; that is, the image is 
swept by an electron beam in a systematic man¬ 
ner so that during a given period of time all 
parts of the image are covered, or swept, by the 
electron beam. Likewise, in the receiver, where 
the image is reconstructed, a similar system of 
scanning is employed. 

In the iconoscope, scanning is accomplished 
in the following manner. The electron beam of 
small diameter is formed and given the desired 
velocity by the electron gun located in the neck 
of the tube (fig. 12-1 (A)). Deflection of the elec¬ 
tron beam across the mosaic is accomplished 
by the deflection coils that are positioned around 
the neck of the tube. 


A simplified illustration of scanning in the 
iconoscope camera tube is shown in figure 12-1 
(B). The electron beam begins its scan at the 
upper left-hand corner of the mosaic and moves 
horizontally (in this example) along line 1 toward 
the right. The globules shown in the illustration 
are exaggerated in size in order to simplify the 
illustration. All of the globules inline 1 are in the 
bright part of the mosaic. Therefore, they have 
lost the same number of electrons and have ac¬ 


cumulated uniform positive charges. As the beam 
sweeps across these globules, the charges are 
neutralized, and a relatively steady current 
flows from the metal coating of the mosaic plate 
down through R in figure 12-1 (A) returning 
through the B supply to the electron beam and 
back to the associated globules. The same situ¬ 
ation prevails while line 2 is being scanned. 

A portion of the image (one rectangle within 
another) is located in line 3, and there will not 
be a steady flow of current through R as the 
beam traverses this line. The flow is steady until 
the fourth globule is reached. From four through 
thirteen the globules have been charged only 
slightly, and this discharge current through R 
is slight when the beam sweeps across them 
Beginning with number fourteen, the output cur ' 
rent Increases again. The same reasoning may 
be applied to lines 4 and 5. The relative strengths 
of the signal currents are shown at the bottom 
of the figure. 


H the globules are extremely small and close 

together, and the image has great detail there 
will be many changes in current during the 
course of a single scan. (It is assumed that the 


cross-sectional area of the electron beam is 
small.) The flow of these tiny pulses of current 
down through R develops signal voltages at the 
input of the amplifier tube. In order that all a! 
these signal voltages may be passed through the 
amplifier (as well as through others in the trans¬ 
mitter and the receiver), it must be capable of 
passing a wide band of frequencies. 


Band-Pass Requirements 

Some idea of the band-pass requirements 
may be gained from the following considerations, 
For simplicity, it is assumed that each line to 
be scanned contains 1,000 globules, each in¬ 
sulated from the others; it is assumed also that 
the diameter of the electron beam is approxi¬ 
mately that of a globule and that each adjacen 
globule has a different charge. 

According to the standards employed in the 
United States, 525 lines are scanned by the elec¬ 
tron beam in tracing over the entire mosaic on 
which the image is formed. As will be poin e 
out later, some of these lines are lost during 
the retrace time. The mosaic is compleey 
scanned 30 times in one second. Therefore, e 
number of lines scanned in one second is 

525x30 = 15,750; 

this is known as the HORIZONTAL SWEEP 
FREQUENCY. . 

The number of globules (each having a charg 
equivalent to a picture element) containe 
line is assumed to be 1,000, but in actua P 
tice it is considerably less. The num 
elements in the image is 

15,750x1,000 = 15,750,000. 

If a complete cycle is assumed to be tte 
change in signal voltage developed w 
beam passes across two successive g ’ 
then the frequency is 

jj,750,000 _ 7 875,000 c.p.s. 

2 

In order to reproduce all of the picture 
perfectly, the transmitter and receiver c . 
must be able to pass, without distortion, ^ 
of frequencies approximately 7.87 me. * a 

In practice, it is not necessary P 
band of frequencies this wide. There ch 
than 1,000 picture elements per li ne > n ot 
globule of the light-sensitive compoun 
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be charged differently from its neighbor. These 
and other considerations permit a band pass of 
4 me. to give reasonably satisfactory results. 

The whole problem of band pass may be ap¬ 
proached from the point of view showing how 
much picture detail can be contained in a lim¬ 
ited band of frequencies. Assume that a band 
pass of 4 me. is all that is possible under the 
present standards. How much HORIZONTAL 
DETAIL (bits of picture detail on a horizontal 
line) is then possible? The period of a 4 mc.- 
signal is 0.25 /xs, which is the time required by 
the electron beam to scan across two adjacent 
elements. Because 15,750 lines are scanned in 
one second, the period of one line is 63.5/xs. 
From this, the time used during the retrace 
(10.2 /xs) must be subtracted to give the actual 
period of one line. The period of one line is 
then 53.3 /xs, and the number of cycles per line is 

= 213 (approx.) 

The number of elements per line is therefore 
approximately 2x213-426 or less than half the 
1,000 assumed previously for simplicity. 

VERTICAL DETAIL depends on the number 
of horizontal lines scanned per picture frame. 
This may be illustrated by the use of figure 
12-1. Assume that in line 3 each black dot (pic¬ 
ture element) is divided into two dots and placed 
one above the other within the confines of line 
3. When the beam scans the line, both dots will 
be covered simultaneously and only one signal 
will be available at the output. If the beam width 
is made smaller and twice as many lines are 
scanned, a signal will be produced from both 
black dots; that is, the vertical detail will be 
improved. 

In the complete scan of one picture frame 
many lines are lost during flyback time. These 
lines are therefore not effective in producing 
vertical detail. It may be assumed that there 
are 380 horizontal lines that are effective in 
producing vertical detail. The number of picture 
elements per frame is 

426x380 = 161,880; 

and at 30 frames per second, the total number 
of cycles produced is 

161,880x30 = 4,856,400. 

As has been stated, a band pass of 4 mc 
will give reasonably satisfactory results. 


The Problem of Flicker 

The eye retains an image for a fraction of a 
second (about 1/15 second) after the image is 
formed on the retina. This characteristic of the 
eye is utilized in moving pictures and television. 
Actually, it is because of this characteristic^ 
it is possible to have moving pictures or tele¬ 
vision. 

Moving-picture films are composed of a 
series of individual pictures (frames) that are 
shown on the screen in quick succession, The 
illusion of motion comes about because the fig¬ 
ures may be displaced slightly in succeeding 
frames; and if enough frames are shown per 
second, the figures appear to move because at 
the rapid sequency of the frames and the per¬ 
sistence of vision. At approximately 15 frames 
per second the motion appears continuous, b 
there is a pronounced flicker. At 24 frames per 
second, some flicker is present; however, i is 
much less objectionable than at 15 frames per 
second. To reduce the flicker still further, a 

special shutter arrangement is used. The s 

cuts off the light from the screen while a new 
frame is moved into position. It also cu 
the light from the screen once more w . ^. 
picture frame is stationary. Thus the sh 
divides the presentation of every frame n 
equal time intervals. This has essentia y 
same effect as increasing the frame freq 
to 48 frames per second. . . 

In television, somewhat the same pro 
of presentation are encountered. To e p 
flicker frojn being objectionable, 30 co ' P 
frames per second are shown. Flicker is 
reduced by the use of interlaced scanning,* 
has essentially the same e ff ec t as inc re ^ out 
frame frequency to 60 frames per secon ^ 
increasing the horizontal scanning SP*L e ntsof 
without increasing the bandpass require 
the composite TV signal. fieure 

Interlaced scanning is illustrate . gs 

12-2. As has been mentioned before, 
considerations, the problems of synchron 
and the necessity for detail lead to ^ 
of 525 horizontal scanning lines per it ' 
reduce flicker by means of interlaceds 
the electron beam scans the odd-number ^ 
first and then the even-numbered lines ’ le te 

two scans (FIELDS) are necessary to co v 
one FRAME. For example, a.s shown i ^ 
12-2, the sweep for the first field begin r0SS the 
left side of line 1. The beam moves acr . 
’image plate at a slight downward ang 
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Figure 12-2.—Interlaced scanning. 


raward by the vertical deflection coils). At 
end of the line, the electron beam is blanked 
during the retrace to the left side of line 3. 
s process is continued until the middle of 
} 525 is reached (only twenty-five lines are 
wn in the figure). Therefore, 262.5 lines are 
nned in the first field. When the beam reaches 
middle of the last line, it is blanked out and 
orned to the middle of line 2 where the trace 
the second field starts. The even-numbered 
s are scanned in sequence until the end of 
524 is reached. At that instant the beam is 
iked out and returned to the beginning of line 
nd the whole process is repeated. 

[n order to keep the movement of the electron 
ms in both the camera and picture tubes in 
>, and in order to blank out the signals from 
picture tube during the horizontal andverti- 
retrace periods, synchronizing (sync signals) 
blanking signals are sent out by the trans- 
er. 


Synchronizing and Blanking Signals 

Hanking signals (voltages) are used in both 
camera tube and the picture tube control 
nits to cut off the electron beam at the end 
horizontal scan line so that the return trace 
not be active in producing picture signals 
le transmitter or picture elements at the 
iver. Blanking signals are also used to 


blank out the vertical return trace following the 
scan of each field. 

Included with the blanking voltages (actually 
superimposed on them) are the synchronizing 
pulses that trigger the horizontal and vertical 
sweeps in the camera tube and the picture tube. 
One set of pulses, called the HORIZONTAL 
SYNC PULSES, synchronizes the horizontal 
sweep at the correct instant 15,750 times a sec¬ 
ond. Another set of pulses, called the VERTI¬ 
CAL SYNC PULSES synchronizes the vertical 
sweep at the correct instant 60 times a second. 

For the horizontal scan, the sequence is as 
follows: (1) The signal is blanked out when the 
trace reaches the right-hand side of the screen, 

(2) an instant later the horizontal sync pulse 
arrives and the trace returns to the left-hand 
side of the screen, (3) the next horizontal trace 
begins, and (4) an instant later the blanking pulse 
is removed and the trace is visible until it 
reaches the right-hand side of the screen. 

For the vertical scan, the sequence is as 
follows: (1) The signal is blanked out at the end 
of the first field (at end of line 262.5), (2) the 
vertical sync pulse arrives and the trace returns 
to the middle of line 2 at the top of the screen, 

(3) the next vertical sweep begins, and (4) the 
blanking signal is removed. During the second 
field, the lines missed on the first field are 
filled in. 

In order to keep the horizontal sweep locked 
in step during the vertical retrace period and in 
order to produce interlaced scanning, the ver¬ 
tical sync pulses have a special serrated form 
and are preceded and followed by equalizing 
pulses. The composite video signal (the com¬ 
plete signal, including video and sync pulses), 
particularly the vertical and horizontal sync 
pulses, will have more meaning when the method 
of separating the pulses is described later in 
the chapter. 

All television receivers must perform es¬ 
sentially the same functions. They must be able 
to select the desired carrier frequency, amplify 
the required band of frequencies, separate and 
demodulate the video and audio frequencies, 
separate and utilize the sync pulses, and finally 
reproduce the picture on the screen and the 
sound at the loudspeaker. How well each of these 
jobs is accomplished depends, in a large meas¬ 
ure, on the design and the quality of the tele¬ 
vision receiver. 

Beginning with the antenna, the remainder 
of this chapter explains, in general terms, the 
sequence of events that translates the television 
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signal into sound and video information at the 
outputs of the receiver. 

TELEVISION ANTENNAS AND 
TRANSMISSION LINES 

At television frequencies, RF energy does 
not follow the curvature of the earth for great 
distances. The best reception generally, is ex¬ 
perienced within a line-of-sight distance from 
the transmitter antenna. Circumstances may be 
such that good reception may extend beyond this 
distance, but the signal strength is rapidly at¬ 
tenuated with an increase in distance. In the 
“fringe area,” beyond the area of good reception, 
the choice of a television antenna becomes in¬ 
creasingly important. 


VHF Antennas 

The dipole is effective in areas where the ^ 
signal is strong and is received from only one J 
direction. The dipole is resonant at only one 
frequency; however, it has a sufficiently broad 
response to receive the 6-mc. frequency span of 
a TV signal. (This includes the video and sound 
carriers and their sidebands.) As a matter of ^ 
fact, a dipole cut to the proper length for chan- 1 
nel 4 will serve fairly well for channels 2,3,4, t 
5, and 6, if the signal is sufficiently strong. A , 
dipole cut to the proper length for channel 10 , 

will also serve fairly well for channels 7,, ( 

10, 11, 12, and 13, if the signal is sufficiently ( 

strong. . . I 

A list of commercial television channels oy 

frequencies is given in table 12-1. 


Table 12-1 .-Commercial television channels. 


Channel 

number 


2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 


(Each channel has a width of 6 megacycles; 
sound carrier is 4. 5 megacycles above picture carrier.) 


Picture- 

carrier 

frequency 


me. 

55. 25 

61.25 

67.25 

77.25 
83. 25 

175.25 

181.25 

187.25 
193. 25 

199.25 

205.25 

211.25 

471.25 

477.25 
483. 25 

489.25 

495.25 

501.25 

507.25 

513.25 

519.25 

525.25 

531.25 

537.25 

543.25 

549.25 

555.25 


Sound- 
carrier 
frequency 


me. 

59.75 

65.75 

71.75 

81.75 

87.75 

179.75 

185.75 

191.75 

197.75 

203.75 

209.75 

215.75 

475.75 

481.75 

487.75 

493.75 

499.75 

505.75 

511.75 

517.75 

523.75 

529.75 

535.75 

541.75 

547.75 

553.75 

559.75 


Channel 

number 


29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 


Picture- 

carrier 

frequency 


561.25 

567.25 

573.25 

579.25 

585.25 

591.25 

597.25 
603. 25 

609.25 

615.25 

621.25 

627.25 

633.25 

639.25 
645. 25 

651.25 

657.25 

663.25 

669.25 

675.25 

681.25 

687.25 
693. 25 

699.25 

705.25 

711.25 

717.25 


Sound- 
carrier 
frequency 


me. 

565.75 

571.75 

577.75 

583.75 

589.75 

595.75 

601.75 

607.75 

613.75 

619.75 

625.75 

631.75 

637.75 

643.75 

649.75 

655.75 

661.75 

667.75 

673.75 

679.75 

685.75 

691.75 

697.75 

703.75 

709.75 

715.75 

721.75 


Channel 

number 


56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 
83 


Picture- 
carrier 
frequency 


me. 

723.25 

729.25 

735.25 

741.25 

747.25 

753.25 

759.25 

765.25 

771.25 

777.25 

783.25 

789.25 

795.25 

801.25 

807.25 

813.25 

819.25 

825.25 

831.25 

837.25 

843.25 

849.25 

855.25 

861.25 

867.25 

873.25 


Sound- 

carrier 

frequency 


me. 

727.75 

733.75 

739.75 

745.75 

751.75 

757.75 

763.75 

769.75 

775.75 

781.75 

787.75 

793.75 
799-75 

805.75 

811.75 

817.75 

823.75 

829.75 

835.75 

841.75 

847.75 

853.75 
859-75 

865.75 

871.75 

877.75 

883.75 
889-75 
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The length, L (in feet) of each of the two 
uarter-wave sections of the dipole cut for a 
articular frequency, f (in megacycles), is de- 
ermined by the following formula: 

T . 234 

L- — 

The impedance of a simple dipole antenna is 
pproximately 73 ohms at its re sonant frequency, 
’he transmission line connecting the dipole to 
tie receiver should also have a characteristic 
mpedance of 73 ohms, if no impedance match- 
tig device is used. Likewise, the television re- 
eiver input should have an impedance of 73- 
hms if no matching device other than the 
ransmission line is used. 

Ghosts, essentially double images, will ap- 
ear on the television screen if there is a time 
elay between the signals arriving at the re- 
eiving antenna directly from the transmitter 
ntenna and those arriving after taking a longer 
oute. The signals taking the longer route may 
pproach the receiving antenna after being re- 
lected from a building or other object. Some of 
hese out-of-phase signals may return to the 
ntenna after being reflected more than once, 
nd thus they will produce more than one ghost 
ecause of the differences in time delay. 

The folded dipole has the same directivity 
receives equally well from both sides) as the 
imple dipole. However, it has an impedance of 
00 ohms and a higher gain. Most of the newer 
Revision receiving sets require 300-ohm lines, 
’hich match 300-ohm folded-dipole antennas. 

Some type of directional array is commonly 
sed with the folded dipole. A schematic dia- 
ram of a folded dipole and reflector is shown 
t figure 12-3. The reflector is longer than the 
.pole and is placed a quarter-wave length be¬ 
nd it. Maximum signal voltage is developed 
1 signals arriving from the direction of the 
lded dipole. Signals arriving from the direction 
the reflector are greatly attenuated. 

Maximum signal voltage is developed by 
idiation arriving on the folded-dipole side be- 
.use the signal voltages induced in the dipole 
e reinforced by signals reradiated from the 
flector. The reradiated signals have the proper 
ase to reinforce the signals originally induced 

the dipole, as illustrated. The energy ab- 
rbed in and reradiated from the reflector 
ivels a half-wave lengthfarther than the energy 
sorbed originally in the dipole. To this is 
ded the 180° phase reversal upon reflection, 
e total shift is therefore 360°, which causes 


LONGER 



ANTENNA REFLECTOR 





Figure 12-3. —Simple directional antenna array. 


the two energy components (the one originally 
absorbed in the folded dipole, and the one reradi¬ 
ated from the reflector) to combine in phase. 

Energy arriving from the direction of the 
reflector will be attenuated because the energy 
absorbed from the direct wave at the dipole and 
the reradiated energy from the reflector are 
180° out of phase. 

The addition of the reflector therefore in¬ 
creases the gain of the antenna in one direction 
and reduces the gain in the opposite direction. 
The reduction in gain in the opposite direction 
is particularly important when it is desired to 
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suppress ghosts caused by reflected energy ar¬ 
riving at the rear (side ot the antenna opposite 
from the transmitter) of the antenna. 

Simplified schematic diagrams of some pop¬ 
ular types of television receiver antennas are 
shown in figure 12-4. The Yagi array provides 
high gain and high directivity at its resonant 
frequency. If it is desired to obtain maximum 
signal strength for one station, the Yagi array 
is a logical choice. Its band-width limitations 
preclude its use when more than one channel is 
to be received with maximum signal strength. 

The conical antenna tunes broadly; that is, 
the impedance (300 ohms) remains essentially 
constant over a wide frequency range. The fre¬ 


quency range is broad enough to accommodate 
channels 2 through 13. 

Combination high-band and low-band direc¬ 
tional antennas are used extensively. The low 
band is usually tuned to channel 4 and the high 
band is tuned to channel 10. Thus, reasonably 
good coverage through the VHF band is ob¬ 
tained. Both dipoles are connected in parallel 

The antennas shown are some of the simpler 
types. There are many variations and special 
combinations, many of them having features not 
found in other antennas. The primary purpose 
of all TV antennas, however, remains the same: 
to intercept the maximum amount of desired 
signal energy hnd to make it available at the 
input of the transmission lines. 



REFLECTOR 




12 4. Some common VHF television antennas. 
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Figure 12-5. -Some common types of UHF antennas. 


UHF Antennas 

These antennas serve the same purpose as 
HF antennas. Because the frequency is higher, 
‘eir dimensions are smaller. Smaller dimen- 
.ons mean that special configurations, notgen- 
’ally employed at VHF, maybe used. Of course, 
nailer versions of the VHF antennas pre- 
ously mentioned may also be used. 

The UHF band covers a wide range of fre- 
lencies and therefore the BEST response is 
amed from an antenna designed to resonate at 
particular frequency; however, fairly good 
sponse may be obtained on adjacent channels, 
strong signal areas, antennas that are designed 
cover the whole UHF range may produce a 
tisfactory signal. 

Somatic diagrams of some common types 
UHF antennas are shown in figure 12-5. The 
ie, or triangle dipole, antenna tunes broadly 


and has a bidirectional pattern. It is very ef¬ 
fective in strong-signal areas where the bidi¬ 
rectional pattern is not objectionable; that is, 
where reflected out-of-phase signals (that could 
cause ghosts) do not arrive at the side of the 
antenna opposite from the transmitter. 

The rhombic antenna is of practicable size 
at UHF frequencies. It is highly directional and 
has high gain. Therefore, it may be used in fringe 
areas. 

The stacked-V antenna is simple to con¬ 
struct and has high gain. Its principal disad¬ 
vantage is the existence of rather large side 
lobes. In areas where there are pronounced 
reflections, it may not be advantageous to use 
this type of antenna. 

The corner reflector has high gain and a 
good response pattern. Its principal disadvantage 
is that it is somewhat elaborate and expensive, 
but no more expensive than some stacked arrays. 
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Transmission Lines 


In common with other electronic receiving 
equipments, the TV transmission line functions 
to convey (with minimum distortion and mini¬ 
mum loss) the signal from the antenna to the 
receiver. To satisfy these requirements, the 
line should be balanced to ground (that is, each 
of the conductors should have the same capaci¬ 
tance with respect to ground); and the primary 
of the input circuit should be center-tapped. 
Undesired signals induced in the line are thus 
balanced out and do not affect the operation of 
the receiver. To reduce losses, the transmis¬ 
sion line should have low effective resistance, 
and the characteristic impedance should be the 
required value to match the antenna and the re¬ 
ceiver input for maximum power transfer. 

A number of transmission lines may be used 
with television receivers. For example, the 
twisted pair, the shielded pair, the coaxial line, 
or the twin line could be used. 

Several factors, such as economy, flexibility, 
low loss, and impedance match, have led to 
widespread use of the 300-ohm twin line. The 
conductors, spaced at a distance of about 3/8 in., 
are embedded in a plastic ribbon. Although this 
type of line has several good features, it should 
be pointed out that weathering will change its 
characteristic impedance; and, because of alack 
of shielding, its use may not be advantageous in 
areas where there is a large amount of elec¬ 
trical disturbances. Most shipboard and aircraft 
installations will utilize shielded transmission 
line, as they have for other VHF and UHF in¬ 
stallations, and for the same purposes. 


TELEVISION RF AMPLIFIERS 
OSCILLATORS, AND MIXERS ’ 


Television tuners, like those of communica¬ 
tions receivers, consist essentially of three 
parts: the RF amplifier, the oscillator, and the 
mixer. The function of the front end (composed 
of the RF amplifier, the oscillator, and the mixer) 
is to amplify the relatively weak input signal of 
the desired frequency, to produce a loeallvgen 
erated RF signal of the correct frequency, and 
to mix these two frequencies in such a wav as to 
produce the chosen audio and video intermediate 
frequencies. Because of the wide band of fre 
quencies (approximately 6 me.) that must be 
passed, overcoupling and loading are employed 
to increase the frequency response. * 





FINE TUNING 


Figure 12-6. —Block diagram of a TV front end. 


A block diagram of a typical front end is 
shown in figure 12-6. A number of differen 
methods of tuning are employed by television 
receiver manufacturers. Rotary switches that 
connect the correct capacitors and inductors 
into the circuit are often employed. In some 
systems the “tuned line” is used, and in other 
separate components are connected for eac 
channel. Turret tuners are also widely use . 
this system of tuning, elements pretuned o 
desired frequency may be plugged into a c P 
the turret. For compactness and prec s > 
printed circuits are sometimes employe . 

Although certain problems are inv0 J e 
continuous tuning, various forms of con ^ 
tuners are used in a number of sets, 
ductuner, produced by the Mallory C° m P 
a popular tuner in which the inductance is 
over the tuning range while the capacitan 
mains constant. 


RF Amplifiers 


Because the television signal availa , g 
input of the television receiver is we ’ 
desirable to amplify the signal in a stag ^ 
amplification before it is applied to ® 
Pentode tubes could be used to obtain B. 
plification, but the band of fi* e qucncie f ig 
will be reduced unless the plate load re dan d 
reduced. If this is done, the gain is re 
there is less advantage in using apento e. ^ 
fore, a triode having a high transcon u yy 
commonly used. The triode is als ° uhan the 
less noisy (because it has fewer S rids j - eWhe n 
pentode, and this is a very greatadvani B if 
weak signals are being received. Obvi 
noise is amplified as much as the signal, 
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other undesirable effects will appear on the 
een. 

A popular RF amplifier, the CASCODE am- 
ier, combines the good features of both the 
>de and the pentode. A simplified circuit of 
type of cascode amplifier is shown in 
ire 12-7. 

Signals from the antenna are fed through 
sd circuit C1L1 to L2. The frequency re- 
nse is improved by effectively shunting L2 
i Rl. Neutralization is not necessary for 
ration on the low band because of the com- 
t arrangement of the circuit and the tube con- 
tions. Likewise, neutralization is unneces- 
y for operation on the high band because L3 
C2 (the distributed capacitance to ground) 
m a series resonant circuit (resonant at the 
ter of the high band) from the plate of Vl to 
und. The signal voltage across L3 varies the 
mtial of the cathode of V2 with respect to 
und; and, because the grid is grounded, the 
ml is applied effectively between the cathode 
the grid of V2. This arrangement, in effect, 
Lifies the shunting distributed capacitance 
Dfar as injecting undesired noise or degenera- 
i into the grid circuit of Vl and V2 is con¬ 
ned. 


Oscillators 

Although many radio receivers employ a 
common tube for the oscillator and “ mixer” it 
is usually more satisfactory, for frequencies 
used in commercial TV, to use a separate os¬ 
cillator tube. Triodes are generally used in one 
of a number of possible circuit arrangements. 

The ultraudion oscillator, similar in many 
respects to the Colpitts oscillator, is often em¬ 
ployed. In other receivers, the Hartley circuit, 
the Colpitts circuit, or some form of push-pull 
arrangement is used. Oscillators are covered 
in Basic Electronics, NavPers 10087. 

The fine tuning control is included in the os¬ 
cillator circuit. 


Mixers 

The mixer tubes commonly used in TV re¬ 
ceivers are triodes or pentodes. As in the case 
of RF amplifiers, triode mixers are less noisy 
than pentodes. However, they lack the gain of 
pentodes. Diodes introduce little or no noise, 
but they do not add gain. Energy is coupled from 
the oscillator into the mixer by capacitive or 

TO MIXER 



Figure 12-7. —Simplified circuit of a cascode amplifier. 
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inductive means. Mixers are also covered in 
Basic Electronics, NavPers 10087. 


VIDEO IF AMPLIFIERS 


Video IF amplifiers perform essentially the 
same functions that are performed by the IF am¬ 
plifiers in superheterodyne radio receivers. 
However, band-pass considerations, vestigial 
sideband transmission, the necessity for 
trapping unwanted sound and video beat fre¬ 
quencies, and other factors make the design of 
video IF amplifiers somewhat difficult. A de¬ 
tailed discussion of the various types of video 
IF amplifiers is beyond the scope of this train¬ 
ing course. However, the overall problems and 
some of the methods used to solve them are 
given. 


Perhaps the best approach is to list the vari¬ 
ous problems inherent in the video IF section of 
a television receiver and to indicate one or more 
methods of solving each of the problems. 

FIRST: For RF spectrum economy, the lower 
video sideband is greatly suppressed, and the 
video information is contained largely in the un¬ 
suppressed upper sideband. The remaining por- 

SIDERANtT ST Sideb 1 and is the VESTIGIAL 
SIDEEAND. The general form of the television 

RF spectrum is shown in figure 12-8. 


Because it is impracticable to remove al 
the lower sideband, the response curve of-tt 
video IF stage must have a special farm.] 
general, the response curve is similar to | 
shown in figure 12-9. It may be seen that| 
video IF has a higher frequency than the so® 
IF. This results from the fact that the local 
cillator operates at a higher frequency thanti 
of the incoming signal. - 

That portion of the sidebands extending 1.25 
me. on both sides of the video carrier contain! 
more energy than the sidebands beyond 1.25% 
(fig. 12-8). This results from the fact that b(| 
upper and lower sidebands exist in the 1.25 % 
bandwidth in the immediate vicinity of the video 
carrier; whereas, beyond 1.25 me., only tie 
upper sideband is present. If the IF amplifier! 
were flat over the video band, the frequencies 
between 0 and 1.25 me. on each side of the video 
carrier would be over emphasized at the second 
detector. In other words, the amplitude of thee? 
signal frequencies would be greater than thaw* 
the remaining frequencies in the upper side¬ 
band of the video signal because of the increase 

energy associated with the frequencies between 
0 and 1.25 me. on each side of the video carrier. 

In order to achieve uniformity in the mag®' 
tude of the output video signal for all frequency 
components, the IF stages are adjusted so t 
the video IF carrier falls about half way down 
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he upper slope of the response curve. The 
i are therefore amplified less than the highs, 
a more, uniform response is achieved. For 
nple, a receiver tuned to channel 3 having a 
o carrier of 61.25 me. may have a local 
llator frequency of 87 me. The IF band- 
h will then extend from 87-61.25 = 25.75 to 
15.25 = 21.75, or a total of 25.75-21.75 z 4 
In the alignment erf video IF stages this 
stment is very important. 

5ECOND: Because the response character- 
: of the RF and converter stages is inten- 
illy broadened to pass the desired range of 
uencies (6 me.), the sides of the response 
r e taper off gradually. This means that un- 
rable frequencies may be passed through to 
iddeo IF system, which may cause horizontal 
i to appear on the picture. For example, it 
3sumed that a television receiver employing 
>lit-sound system is tuned to channel 3. (In 
plit-sound system the audio is taken off 
’ORE the detector stage; whereas, in 
[•carrier-sound systems the audio is taken 
^FTER the detector stage.) The frequencies 
75 me., 21.25 me., and 27.75 me.) that may 
ie trouble on the television screen are in- 
ted in figure 12-9. The 19.75-mc. beat 
, causedjby the combining of the video car- 
(67.25 me.) of channel 4 with the local 
llator frequency (87 me.), is close enough 


SET TUNED TO 
CHANNEL 3 

LOCAL OSCILLATOR 87 MC 



CAT ING WITH THE 
6 L OSCILLATOR 

igure 12-9.—Video IF response curve. 


> desired frequencies to be passed through 
video IF system. Likewise, the27.75-mc. 
lote, caused by the combining of the sound 
3r (59.75 me.) of channel 2 with the local 
ator frequency (87 me.), is close enoughto 
ssed also. Of course, the sound IF (21.25 
of channel 3 is the signal most likely to 
rough and must be trapped out at all costs. 


In INTERCARRIER systems this frequency, 
which beats with the video IF to produce the 
4.5-mc. sound IF, must not be removed until 
after the sound IF (4.5 me.) has been fed to the 
audio channels. 

Some representative trap circuits are shown 
in figure 12-10. An absorption trap is shown in 
part A. The trap is tuned to the undesired fre¬ 
quency, and the output voltage (at the undesired 
frequency) developed across L is greatly re¬ 
duced. It is therefore effectively removed from 
the input to the next stage. 



(A) 

ABSORPTION TRAP 



(0 

SERIES RESONANT TRAP 




Figure 12-10.—Representative trap circuits. 


A degenerative trap is shown in figure 12- 
10 (B). At its resonant frequency (the undesired 
frequency) the trap offers a high impedance and 
this causes degeneration and reduced gain at 
that frequency. 

A series resonant trap is shown in figure 
12-10 (C). The trap is tuned to the undesired 
frequency and thus shunts these frequencies 
around the input of the stage. 

The parallel resonant trap, shown in figure 
12-10 (D), offers a high impedance to the un¬ 
desired frequency. Thus, the offending voltage 
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(A) 

SIMPLIFIED I*F SECTION OF 
TV RECEIVER EMPLOYING SPLIT SOUND 



Figure 12-11. if section and response curves of a television receiver. 


-i -u, u across nap circuit ana is not 
available at the input of the next stage. 

Although trap circuits are commonly em¬ 
ployed m the video IF stages, they are some¬ 
times also included in the video amplifier of 
television receivers. 

THIRD: In order to pass the necessary wide 
band of frequencies, most television receivers 
employ a stagger-tuned IF system. Each stage 
is tuned to a slightly different frequency to 
broaden the over-all response curve. As an 
example, it may be assumed that a quality tele 
vision receiver employing split sound and stagl 
ger tuning, is tuned to channel 3. It mav be as 

at U 87mc! SO ** ^ ° SCiUator “Perate^ 
The video IF is 


and the sound IF is 


87 me.-65.75 me. = 21.25 me. 


The various tpned circuits in the 
(together with the traps) are shown ..yi* 

12-11 (A). The vartptisfrequenciesm henc 

of the video IF are so chosen thatth 
response curve will be similar to tha 
in (B). 


- -'Zi.25 mt 


VIDEO DE TE C TORS' 


v U 


:j lii 


87 mc.-61.25 me. = 25.75 me. 


The video detector in a televisijto^^ 
performs essentially the same ^ 
second detector in a superheterodyne amp ’ 
modulated radio receiver. It rectifies jj 1 
(video and sync pulses) fed to it by the 
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tem, removes the IF components, and feeds 
remaining signal and sync information to the 
so amplifier. Various circuit arrangements, 
ploying either diode electron tubes or crys- 
j, are used by the manufacturers of television 
eivers. 

One type of diode detector is shown in fig- 
12-12 (A). Two methods of connecting the 
sctor are shown. In part (1) the output has a 
ative picture phase, and in part (2) it has a 
itive picture phase. 

In figure 12-12 (A) (1), low amplitude 
itive-going picture signals correspond to 
brighter portions of the picture and higher 
plitudes correspond to progressively darker 
tions of the picture. This corresponds to the 
ative picture phase. 



In figure 12-12 (A) (2), low amplitude 
negative-going picture signals correspond to the 
brighter portions of the picture and higher am¬ 
plitudes correspond to progressively darker 
portions of the picture. This corresponds to 
the positive picture phase. 

The concept of negative picture phase may 
be made clearer from the following considera¬ 
tions. A video signal having a negative picture 
phase will cause the cathode of the picture tube 
to be driven in a positive direction beyond cutoff 
during the blanking pulses. During the darker 
portions of the picture the cathode will be driven 
considerably in the positive direction, but not to 
cutoff. Consequently, a few electrons will reach 
the picture tube screen, and the screen will be 
relatively dark. During the brighter portions of 



POSITIVE PICTURE PHASE 


BRIGHT PORTIONS CORRESPOND TO 
POSITIVE-GOING SIGNAL 


(A) VIDEO DIODE DETECTORS 



(B) VIDEO CRYSTAL DETECTOR 

Figure 12-12.—Video detectors. 
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the picture the cathode will be driven only slightly 
in the positive direction, and many electrons will 
reach the picture tube screen. The screen will 
therefore be relatively bright. 

The concept of positive picture phase maybe 
made clearer from the following considerations. 
A video signal having a positive picture phase 
will cause the grid of the picture tube to be 
driven negative below cutoff during the blanking 
pulses. During the darker portions of the picture 
the grid will be driven considerably negative, 
but not to cutoff. Consequently, fewer electrons 
will reach the picture tube screen, and the screen 
will be relatively dark. Duringthe brighter por¬ 
tions of the picture the grid will be driven only 
slightly negative, and many electrons will reach 
the picture tube screen. The screen will there¬ 
fore be relatively bright. 

In the United States, negative transmission 
is used; that is, the television signal is trans¬ 
mitted with the negative picture phase. In certain 
other countries, positive picture transmission 
is used. 

The output of the detector in the receiver 
may have a positive or a negative picture phase 
as indicated in figure 12-12 (A) (1) and (2), ir¬ 
respective of the type of transmission used. In 
either case, the video amplifiers must supply a 
signal having a positive picture phase to the 
grid of the picture tube. If the signal is applied 
to the cathode of the picture tube, it must have 
a negative picture phase. 

The strength of the signal at the output of 
the detector is not sufficient to drive the picture 
tube, and therefore one or more stages of video 
amplification are necessary. 

The circuit arrangement of a video crystal 
detector is shown in figure 12-12 (B) The crys 
tal performs essentially the same function as 
the diodes. 


used to extend the approximate range of fr§- 
quencies passed from 30 cycles to 4 mc.% 
other words, FREQUENCY DISTORTION mUst 
be eliminated as much as possible. 

The low-frequency video components include 
the low-frequency a-c variations (represented 
on the picture screen as portions of the image 
that do not contain fine detail), the blanking 
pulses, and the sync pulses (vertical and hori¬ 
zontal). The high-frequency video components 
are the high-frequency a-c variations that pro¬ 
duce the fine detail on the picture screen. In 
addition to the low-frequency and the high- 
frequency components in the transmitted signal, 
there is a zero-frequency, or d-c, component 
present. 

If all of the frequency components are not 
properly amplified in the video amplifier sec¬ 
tion, a distorted image will be produced. The 
distortion may appear as a lack of fine detail, 
a lack of image sharpness in the larger objects, 

or a lack of contrast. - 

In addition to frequency distortion, wwa 
DISTORTION must also be eliminated as muc 
as possible. In effect, phase distortion me 
that certain components (frequencies) tha m 
up complex waveforms are not passed by 
amplifier in the same length of time tha o 
frequencies are passed. For exan J?®’ 
resistance-coupled amplifiers the coup 1111 ? ' 
pacitor and the grid resistor, acting toge 
cause a phase shift that varies with the frequ 

Phase distortion may alter the backed 
of the picture shown on the television » 
portions that should be white may be g I 

even black.* At the lower frequencies, exc ^ 

phase shift may cause larger objec s 
blurred on the screen. At the higher freque^. 
excessive phase shift causes the fine 




VIDEO AMPLIFIERS AND D-C RESTORERS 
Video Amplifier Design Problems 

After the video signal (containing the video 
information and the blanking and sync pulse si 
has been rectified in the second detector it must 
be amplified in one or more video amplifiers 
before it is applied to the picture tube Because 
a wide band of frequencies must be passed with 
out discrimination by the video amplifiers thev 
must be carefully designed. Special£gh- and 
low-frequency compensating circuits must be 


Methods Of Eliminating Frequency 
And Phase Distortion 

Video-frequency ampUfiers ar< B tj*^^ 
Basic Electronics, NavPers 10087. l ** 
out that the average resistance-coup e ^ 

fier has a flat response of only a few ^ 
cycles and is therefore not suitable 
plifying video frequencies. . . nuen cies 

In order to amplify the higher f Q jt 
as much as the middle range of frequ 
is necessary to use some form ° tvoe of 
FREQUENCY COMPENSATION. This vr 
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compensation commonly takes the form of 
SHUNT COMPENSATION or SERIES COMPEN- 
g SATION or a combination of both. 

In a resistance-coupled amplifier the output 
H capacitance of the first amplifier stage, the 
l distributed capacitance of the wiring, and the 
-j input capacitance of the second amplifier stage 
. tend to shunt the high frequencies of the first 

* stage to ground, thereby leaving less output 

* voltage at these frequencies available to the 
, second stage. The high frequencies are there- 
B fore not amplified as much as the middle range 

* of frequencies. 

This shunting effect may be compensated for 
" (or the frequency range extended) by the use of 
3 a small inductor inserted in series with the 
plate load. The value of this inductor is so 
\ chosen that it will neutralize the distributed 
1 (output and input) capacitance of the circuit. 
? That is, this inductor is so chosen that it, to- 
l gether with the distributed capacitance, will 
: form a parallel resonant circuit that is reso¬ 
nant at a frequency where the response curve 
\ begins to fall appreciably. The frequency range 
is thereby extended. This type of compensation 
J is called SHUNT COMPENSATION, and the coils 
! are called PEAKING COILS. 

SERIES COMPENSATION may also be used. 

1 In this case, a small inductor is added in series 
1 with the coupling capacitor and forms a series 
resonant circuit (resonant at a frequency where 
the response curve begins to droop) with the 
distributed capacitances. At resonance, in¬ 
creased current will flow through these ca¬ 
pacitances, and larger voltages will be available 
at the input of the amplifier tube. To prevent 
a sharp peak in the response curve, a resistor 
is shunted across the series inductor. 

In order to amplify the lower frequencies 
as much as the middle or high range of fre¬ 
quencies, it is necessary to use some form of 
LOW-FREQUENCY COMPENSATION. At low 
frequencies, the reactance of the coupling ca¬ 
pacitor is large and much of the signal voltage 
is dropped there and is not available at the grid 
input. A large coupling capacitor could be used; 
but if*this were done, the stray capacitance and 
leakage current would be increased. Of course, 
a coupling capacitor introduces some phase 
shift at low frequencies. 

Both the loss in gain and the increase in 
phase shift at the lower frequencies maybe com¬ 
pensated for in part by dividing the load resistor 
into two parts and bypassing one part with a 
capacitor. At the lower frequencies the plate 


load includes both resistors, and therefore the 
output voltage is higher. At the higher frequen¬ 
cies a portion of the load is effectively by-passed 
by the capacitor, and the output is proportionately 
lower. 


D-c Restorers 

The d-c restorer (or clamper) restores the 
d-c component of a pulse waveform after this 
component has been removed by the passage of 
the waveform through the coupling capacitor in 
the video amplifier stage. It is necessary to 
reinsert the correct d-c component at the input 
of the television picture tube if the correct level 
of background illumination is to be maintained. 

Also, if the correct d-c component is not re¬ 
inserted, the blanking level will vary (instead 
of remaining constant, as it should), and retrace 
lines will appear on the screen during the time 
the blanking voltage is insufficient to cut off the 
picture tube during retrace. 

The average brightness of one scanned line 
may differ widely from the average brightness 
of another scanned line, as indicated in figure '■ 

12-13 (A). = 

The average d-c component depends on the 3 
average brightness of a line. A low d-c com- : 

ponent in the negative direction means that there * 

exists a high level of brightness during that line; * 

a high d-c component in the negative direction ; 

means that there exists a low level of brightness l 

during that line. The average d-c component \ 
therefore establishes the blanking level. 

Figure 12-13 (B), illustrates what happens 
when the d-c component is removed by the pas¬ 
sage of the video signal through a coupling ca¬ 
pacitor. Although the picture tube may be biased 
so that it will not be driven in a positive direc¬ 
tion beyond a certain value, nevertheless the 
blanking level will vary and the retrace will 
often be visible. The background brightness 
level will also differ from that at the trans¬ 
mitter. 

Simplified circuits of two types of d-c re¬ 
storers are shown in figure 12-14. The function 
in each case is to restore the d-c component 
that was lost when the video signal passed through 
the coupling capacitor of the video amplifier. 

D-c restoration is accomplished by adding to 
the instantaneous a-c signal enough d-c voltage 
to bring the blanking voltage to the cutoff point. 

Notice the similarity between the diode in 
figure 12-14, and the clamper in figure 4-20 of 
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HIGH AVERAGE 


LOW AVERAGE 


BLACK 



WHEN THE VIDEO SIGNAL PASSES THROUGH A COUPLING CAPACITOR. 
THE D-C COMPONENT IS REMOVED. LEAVING AN A-C SIGNAL THAT 
VARIES ABOUT THE ZERO LINE 
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( B) 0-C COMPONENT REMOVED 

Figure 12-13. —Function of the d-c component in the video signal. 


Chapter 4. The action of the diode restorer may 
be explained in the following manner. Without 
the diode the input signal voltage has the ap¬ 
pearance of that shown in figure 12-13 (B) Dur¬ 
ing the negative portion of the cycle (when the 
blanking and synchronizing pulses are active) 
the diode conducts because its cathode is neaa- 
tive and its plate is positive. This action occurs 
because the self-mduced voltage across L op¬ 
poses the B supply voltage and exceeds the value 
between point B and ground. Capacitor C charges 
rapidly through the diode and has the polarity 
indicated. The amount of the charge (voltaae 
across C) depends on the strength of the input 
signal. * 

During the positive portion of the signal 
shown above the O line in figure 12-13 IB) the 
diode cannot conduct, and C discharges rela 
tiveiy slowly through R. A positive potential’ 
which reduces the bias on the picture tube W 
thus applied between grid and cathode dt\ng 
the scan interval between the blanking pulses 
During this interval the diode is effective y i 
open circuit, and the video signal appears acroM 


R in series with the d-c voltage supplied ty^ 
The greater the input voltage, tlieIe ® s yL. ( 
the net bias remaining on the grid of the P c 
tube, and the higher will be the average rig 
ness. Thus the condition existing in figure 
(A), is reestablished. m 

A grid-leak d-c restorer circuit is 

in figure 12-14 (B). The incoming video sigr^ 

has a negative picture phase, and the d- 
ponent is missing; the output video signal■ . 

positive picture phase, and the d-c comp 
is restored, or reinserted. Gained 

The action of the grid leak may be exp 
simply. There is no fixed bias on the tuw> 
the grid goes positive whenever a posit vp 
is applied. Grid current flows, and C c ^ 
rapidly through the conducting grid c .' 1( j 
a large pulse is applied, a large amoun 1 ^ d j 
current flows and a large bias is deve ^ 
a small pulse is applied, a small arn0 ® *d, 
current flows and a small bias is de ^ 
These two actions tend to stabilize ^ 
current at the same level during the P . 
current. That is, the blanking pulses ar 
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SELF- + 
INDUCED 
VOLTAGE 


BRIGHTNESS 

CONTROL 


DISCHARGE 


(A) DIODE D-C RESTORER 


e out 
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Figure 12-14.—Simplified circuits of d-c restorers. 
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up at the same level as they were before the d-c 
component was removed. During the interval 
between blanking pulses, C discharges slowly 
through Rg. 

It should be emphasized that the bias re¬ 
mains essentially constant (because of the long 
time constant of C and R g ) during the interval 
between blanking pulses. If this were not true, 
the d-c component would be lost. 


SYNCHRONIZING CIRCUITS 

Up to this point interest has been focused 
primarily on delivering the video signal to the 
picture tube. Equally important, from the point 
of view of overall receiver operation, is the 
system by which the various circuits are syn¬ 
chronized with those at the transmitter and made 
to function together to produce the desired pic¬ 
ture. As has been stated before, the blanking 
pulses and the horizontal and vertical synchro¬ 
nizing (sync) pulses are amplified in the various 
stages along with the video information The 
video signals and the blanking pulses are applied 
either to the grid or to the cathode of the picture 
tube. However, the sync signals are removed 
from the composite video signal (generally in 
the last video stage) and applied to the horizontal 
and vertical sync circuits. In some instances 
the d-c restorer circuit is modified to serve 
also as a sync clipper. 

After the vertical and horizontal sync signals 
have been removed (clipped) from the Leo 
signal, they must be amplified (if necessarv) 
and separated from each other by means of fil 
ters Following this, they ar/amplSed and 
reshaped according to the needs of the system 
before they are applied to the oscillators A 


block diagram of the synchronizing circuits to 
shown in figure 12-15. 

The horizontal sync signal fires the hori¬ 
zontal oscillator at exactly the right instant to 
maintain the proper synchronization between the 
horizontal sweep in the receiver picture tube 
and the horizontal sweep in the transmitter 
camera tube. The output of the horizontal os¬ 
cillator is formed into a sawtooth waveform; it 
is then amplified and applied to the horizontal 
deflection coils. 

The vertical sync signal fires the vertical 
oscillator at the right instant to maintain the 
proper synchronization between the vertical 
sweep in the receiver picture tube and the ver¬ 
tical sweep in the transmitter camera tube. As 
in the case of the horizontal oscillator output, 
the vertical oscillator output is formed into a 
sawtooth wave (modified into a trapezoidal 
form); it is then amplified and applied to the 
vertical deflection coil. 


Sync Separators 

Sync separation, or sync clipping, may te 
accomplished by the use of circuits employing 
diodes, triodes, or pentodes. A simplified cir¬ 
cuit of a diode sync separator is shown in figure 
12-16. During the time the sync tip voltage is 
applied to the input the diode plate is positive 
with respect to the cathode, and capacitor C is 
charged through the low resistance of the con¬ 
ducting diode. Between pulses, capacitor C dis¬ 
charges through R and thus maintains a negative 

bias between plate and ground; and this cuts 
all signals up to the blanking level. The bias is 
maintained at approximately the blanking leve i 
and only the sync signal causes pulses of curren 



Block diagram of synchronizing circuits. 
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LONG 

TIME CONSTANT 



Figure 12-16.—Diode sync separator (sync clipper). 


to flow through Rl, across which the output is 
taken. Thus, the sync signals have been clipped 
from the composite signal. 

The output pulses consist of the horizontal 
sync pulses, the equalizing pulses, and the ser¬ 
rated vertical sync pulses. These pulses are fed 
to filter circuits that separate the vertical sync 
pulses from the horizontal sync pulses. These 
various pulses will be discussed presently. 

The problems involved in removing the sync 
sipials from the composite signal (sync 
clipping), and in amplifying, separating, and 
utilizing those signals to control the horizontal 
and vertical oscillators are treated only in a 
general way in this section. There are many 
methods of solving these problems and therefore 
a detailed treatment of each method is not pos¬ 
sible in this training course. 

SEPARATION OF VERTICAL AND 
HORIZONTAL SYNC PULSES 

Because the repetition rate of the vertical 
sync pulses is 60 pulses per second and that of 
the horizontal sync pulses is 15,750 pulses per 
second, they may be separated by filters. 

The high-pass filter used to pass and to shape 
the trigger voltages for the horizontal oscillator 
(a multivibrator or blocking oscillator) is shown 
in figure 12-17. The circuit in this figure has a 
short time constant with respect to the width of 


the horizontal pulse. The output signal is de¬ 
veloped across R. 

The leading edge of the square-wave input 
pulses causes a rapid charge of C through R. 
The trailing edge causes an equally rapid dis¬ 
charge of C through R. The flow of charge and 
discharge current through R causes the sharp 
spikes of output voltage, as shown in the figure. 
Only one spike in each pair (for example, the 
positive spike) is needed to trigger the horizon¬ 
tal oscillator. The other spike of the pair occurs 
at a time when the oscillator is insensitive to 
triggering pulses. 

The low-pass filter used to pass and shape 
the trigger voltages for the vertical oscillator 
(a multivibrator or blocking oscillator) is shown 
in figure 12-18. The RC time constant is long 
with respect to the width of each serration in 
the vertical pulse. Because of the long time 
constant of the integrator circuit, C does not 
have time to discharge during the interval be¬ 
tween serrations. However, because the RC 
time constant is short compared to the com¬ 
bined widths of the vertical pulse serrations, 
C charges up to the peak value during the time 
that the vertical pulse is applied (190.44/xs in 
the figure) and discharges to zero before the 
next horizontal pulse arrives. 

The short time constant (with respect to the 
width of each horizontal pulse) of the differenti¬ 
ator circuit shown in figure 12-17, plus the fact 


Digitized by 


Google 


391 






AVIATION ELECTRONICS TECHNICIAN 1 & C 


HORIZONTAL SYNC 
SIGNALS TO 
DIFFERENTIATOR 


Short time 

CONSTANT 



HORIZONTAL 
PULSE WIDTH =5.08 us 
LINE PERIOD -63.48US 
(NOT DRAWN TO SCALE) 


DIFFERENTIATOR 
(HIGH-PASS FILTER) 


Figure 12-17. -High-pass filter for horizontal 
sync pulses. 


that the output is taken across the resistor, 
(which retains no voltage charge), renders this 
circuit relatively insensitive to the longer, 
lower-repetition-rate pulses that control the 
vertical oscillator. 

Because of the long time constant (with re¬ 
spect to the width of each horizontal pulse) of 
the integrator circuit shown in figure 12-18, 
the horizontal pulses have very little effect, and 
the equalizing pulses have even less effect. The 
only pulse that produces a useful output is the 
serrated vertical pulse. Sixty of these pulses 
occur each second, 30 for each of the two fields. 
The vertical pulses are serrated to provide the 
triggering action for the horizontal oscillator 
during the vertical retrace period. 


VERTICAL SYNC 
SIGNALS TO 
INTEGRATOR 


FROM 

SYNC 

CLIPPER 


SERRATED 

K^ ,N6 ^"Vk*'- 


h-H —J 


-i'O.S H 




|^j ^1.44 US 


27.3 us 




r—190.44 US 
[—/-3H- 


THE FORM OF THE 
SYNCHRONIZING PULSES 


Up to this point little has been said about the 
special form of the synchronizing pulses. The 
form and the timing of the synchronizing pulses 
are such that the horizontal and the vertical os¬ 
cillators are triggered at exactly the right in¬ 
stant to keep the sweep in the camera tube and 
the sweep in the picture tube locked in step, 
Because the horizontal oscillator must be trig¬ 
gered even during the vertical retrace time (to 
prevent the horizontal oscillator from drifting 
out of control), the vertical pulse is serrated, 
as shown in figure 12-19. That is, the vertical 
pulse is chopped into six pieces. The fluctua¬ 
tions resulting from the serrations do not affect 
the operation of the vertical oscillator, but serve 

only to keep the horizontal oscillator properly 
triggered. The serrations are spaced so that 
they occur when the horizontal oscillator re¬ 
quires a trigger to keep it synchronized. Thus, 
the horizontal oscillator is working even while 
the electron beam is blanked out and being swep 
from the bottom of a frame to the top. About l 
lines per frame are lost during vertical retrace 
time. Some of these lines can be seen when 
brilliance control is turned all the way up. 

In addition to the serrations in the vertical 

pulse, equalizing pulses are necessary be or 

and after each vertical pulse. The necessi y 
the equalizing pulses, labeled E in figure - 
(B), may be explained as follows: Fi rs » 1 
assumed that no equalizing pulses are use , 


SYNC PULSES 
TO VERTICAL 
OSCILLATOR 


EQUALIZING 
- PULSES — 1 


uu 


VERTICAL-' 

PULSE WIOTH = I90.44US 
ElELD PERIOD-- I6.GG6.6 l 



•LONG TIME 

I_| CONSTANT 

(WITH RESPECT TO THE 
WIDTH OF THE VERTICAL PULSE ) 


(NOT DRAWN TO SCALE) 


INTEGRATOR 
i LOW - PASS FILTER) 


’gur 2 18. Low-pass filter for vertical sync pulses. 
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Figure 12-19. -(A) Effect without equalizing pulses. 
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EFFECT OF 
EQUALIZING PULSES 


Figure 12-19. —(B) Effect with equalizing pulses. 


in figure 12-19 (A). If the vertical pulse is in¬ 
serted at the. end of the field which occurs 
simultaneously with the end of a full horizontal 
line (partM), the firing potential of the vertical 
oscillator is reached at the correct time to 
produce the desired interlaced scan. 

* K ' h ?, Ve " tlC , al pulse ! s insertec * at the end 
of a field which occurs simultaneouslv with thp 
end of a half horizontal line (part(T)),the firing 
potential of the vertical oscillatSF is reached 
too early. This results from the fact that the 
slight charge in C, due to each horizontal pulse 
does not have time to leak off before the vertical 
pulse arrives. The residual voltage across C 


plus the voltage due to the vertical puls e , 
the vertical oscillator to fire a small 
of a second too soon. m], 

This situation is corrected, aS ^ 

by the use of equalizing pulses. The a ttbe 
the vertical pulse across C now begi ^ 
same point regardless of whether _ tIie t the 
pulse arrives at the end of a full hne 

end of a half line. In other words, the eq^ g 

pulses cause the potential on C to be a # 
level (at the same time the- vertical 
rives) regardless of whether the ver 
occurs at the end of a half line or at tn 
a full line. 
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Figure 12-20 shows the overall picture of the 
sync pulses, both full lines and half lines. The 
pulses labeled A are the ones that fire the hor¬ 
izontal oscillator. 


END OF 
FULL LINE 


— PICTURE SIGNALS —r 
AND HORIZONTAL STNC 
PULSES I 


0 5M| 

PH 





END OF 
HALF LINE 





Figure 12-20.—Form of sync pulses showing 
the integrator and differentiator output 
voltages. 


Sweep Circuits 

The block diagram of figure 12-15 shows 
that after being separated and shaped, the hori¬ 
zontal and vertical sync pulses are applied to the 
horizontal and vertical sweep oscillators, re¬ 
spectively, so that they may be triggered at the 
correct instant to synchronize the receiver with 
he transmitter. Both the vertical and horizontal 
sweep oscillators, when fed into the correct cir¬ 
cuits, produce sawtooth waveforms. 

The sawtooth waveforms produced by the 
horizontal sweep oscillator are amplified and 
ipplied to the picture tube in a manner that will 
:ause the electron beam to be deflected (swept) 
lorizontally across the face of the tube. Like¬ 


wise, the waveforms produced by the vertical 
sweep oscillator cause the electron beam to be 
deflected (relatively slowly) from top to bottom 
of the picture tube. 

Multivibrators and blocking oscillators are 
two types of resistance-capacitance oscillators 
that are commonly used in the sweep circuits 
(vertical and horizontal) of television receivers. 
Chapter 5 of this training course covers mul¬ 
tivibrators and blocking oscillators. Additional 
information on these subjects appears in Basic 
Electronics, NavPers 10087. A review of these 
sources will be time well spent. 

BLOCKING OSCILLATOR 

A simplified version of a blocking oscillator 
is shown in figure 12-21 (A). When plate and 
filament voltages are applied to the tube, plate 
current begins to flow. A voltage is induced in 
the grid circuit (via transformer T) that makes 
the grid positive with respect to ground, and 
plate current is thereby increased rapidly to 
saturation. Capacitor C2 charges rapidly during 
the time that grid current flows. At saturation 
the plate current and field about T stop increas¬ 
ing. The voltage induced in the secondary of T 
drops to zero, and therefore the induced positive 
grid voltage drops to zero. Capacitor C2 begins 
to discharge through R2 and the plate current 
falls; the field of T collapses. The voltage in¬ 
duced in the secondary of T is now a polarity 
that aids the discharge of C2. The grid there¬ 
fore becomes more negative with respect to 
ground, and plate current falls rapidly to zero. 
When the plate current is zero, the voltage in¬ 
duced in T is zero. Capacitor C2 continues to 
discharge relatively slowly through R2. This 
action maintains a negative charge on the grid 
for an appreciable length of time. The time 
(equal to the period between the pulses produced 
by the oscillator) necessary for the negative 
charge to be reduced sufficiently to cause the 
tube to conduct again depends on the value of ad¬ 
justable resistor R2. When the tube begins to 
conduct again, the cycle is repeated. 

A sawtooth output could be tapped off across 
R3, but the waveform would be lacking in linearity 
and stability because of the loading effect on the 
oscillator. The sawtooth wave is developed be¬ 
cause C3 charges relatively slowly through R3 
during the relatively long time that Vl is cut off 
and discharges quickly through the tube during 
the relatively short time that the tube is con¬ 
ducting. 
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(B) MULTIVIBRATOR 


Figure 12-21.—Television sweep oscillators. 


The sawtooth output is more commonly ob¬ 
tained across the load resistor of a discharge 
tube. This arrangement is shown in figure 12- 
21 (A). The sharp positive pulse developed 
across R2 is coupled to the grid of V2. During 
the period when the positive pulse is not applied 
to the grid of V2, C4 charges relatively slowly 
at a uniform rate through R4; when the positive 
pulse is applied, C4 discharges rapidly through 
V2. The sawtooth voltage is therefore developed 
across R4. 

MULTIVIBRATOR 

One type of circuit, showing the sync input 
and sawtooth output, is shown in figure 12-21 
(B). The sync pulses can control the firing of 
the multivibrator if the frequency of the multi¬ 
vibrator is close to the repetition rate of the 
sync pulses. 


Automatic Frequency Control 
of the Horizontal Oscillator 

In the sweep circuits discussed thus far the 
horizontal and vertical sync pulses are fed from 
the filter directly to the horizontal and vertical 
sweep oscillators. This simple, direct system 


would be satisfactory if it were not for the pres¬ 
ence of noise pulses that may cause the 
tors to fire at the wrongtime. When the ve 
oscillator fires at the wrong time, the pic ^ 
not properly synchronized vertically. ! 
the picture bounces, or moves inA or j. 
or downward across the screen. W* 1611 t(ie 
zontal oscillator fires at the wrong 
picture is not properly synchronize 
tally. That is, the picture tears or 
streaked, giving the appearence that tn v 
is jumbled. 

Although noise pulses may affectthe 

tion of both the vertical and the hor z 

cillator, by far the worse effect is to f 
horizontal oscillator. The long time c ^ 
the vertical filter makes it inse ?®J * p « eC t on 
short bursts of noise energy, and ob . 

the vertical oscillator is not gene 
jectionable. ^ 

The short time constant of the,Oscillator 
feeds the sync pulses to the horizon a ^ 
will permit the passage of short bur . enl ploy 
energy. Consequently, it is necessary tbe 

a control circuit that will effective y ^ noise 
horizontal oscillator from the effe ^tbe 

pulses, and at the same time wi P 
sync pulses to assume control. 
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Two systems that will isolate the horizontal 
sweep oscillator from the effects of noise bursts 
are shown in figure 12-22. In the system shown 
in part A, two signals are applied to the fre¬ 
quency discriminator. They are horizontal sync 
signals and horizontal sweep oscillator signals. 
The frequency discriminator compares the fre¬ 
quency (or phase) of these signals and produces 
an output d-c voltage that depends on the differ¬ 
ences between frequency (or phase) of the two 
signals. The output voltage, normally varying 
at a relatively slow rate, is fed via a low-pass 
filter to the grid of the reactance tube. This 
tube functions in such a manner that its output 
will change the frequency of the horizontal sweep 
oscillator to maintain its frequency exactly the 
same as that of the incoming horizontal sync 
pulses. Reactance tubes and frequency dis¬ 
criminators are treated in Basic Electronics, 
NavPers 10087, and chapter 5 of this course. 

A second method of isolating the horizontal 
sweep oscillator from noise bursts is shown in 
figure 12-22 (B). As in the previous system, a 
frequency (or phase) discriminator is used. It 
compares the sync-signal input from the filter 
or sync amplifier with the input feedback from 
the horizontal sweep amplifier and produces a 
d-c output that is proportional to that difference. 



This d-c output is amplified and used in such a 
way as to cause the frequency of the horizontal 
sweep oscillator to lock in step with the in¬ 
coming sync signals. 


ELECTROMAGNETIC DEFLECTION 
SYSTEM 

Electromagnetic rather than electrostatic 
deflection is commonly employed in television 
receivers. Whereas sawtooth VOLTAGE waves 
are used in electrostatic deflection, sawtooth 
CURRENT waves are used in electromagnetic 
deflection. It should be emphasized that more 
power is needed in the horizontal deflection sys¬ 
tem than in the vertical deflection system of a 
television receiver because of the greater num¬ 
ber of deflections per unit time that must be 
accomplished by the horizontal deflection cir¬ 
cuit. Because of the higher frequency involved, 
there are additional transformer and circuit 
losses. The horizontal deflection circuits must 
therefore be designed to handle much more 
power than the vertical deflection circuits. 

If the deflection coils of a television receiver 
possessed inductance only, a properly applied 
sawtooth wave of voltage would cause a sawtooth 


DISCHARGE 


HORIZONTAL 

TO 

DEFLECTION 

TUBE 


AMPLIFIER 

SYSTEM 


(A) SYNC SYSTEM EMPLOYING A DISCRIMINATOR 8 REACTANCE TUBE 



(B) SYNC SYSTEM EMPLOYING A PHASE DETECTOR 

Figure 12-22.—Systems of horizontal sync control. 
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current wave to flow through the coils. However, 
the deflection coils have the property of re¬ 
sistance as well as inductance, and therefore 
a modified sawtooth voltage wave must be ap¬ 
plied to the coils. The desired modified voltage 
wave has a trapezoidal form, as shown in figure 
12-23. In this instance, the desired voltage 
waveform is developed across the output plate- 
to-ground circuit of the discharge tube—that is, 
across C and R3. Resistor R3 has a low value, 
and has negligible effect during charge time. 


DISCHARGE 

TUBE 


TO SWEEP AMPLIFIER 
FOR MAGNETIC DEFLECTION 



nr 


Figure 12-23. —Method of generating 
trapezoidal voltage waves. 

The sweep amplifier for magnetic deflection 
is similar to the output stage of a radio re¬ 
ceiver, except for the nature of the load. The 
simplified circuit of a vertical amplifier (the 
output stage) is shown in figure 12-24. 


OUTPUT 

TUBE 


OUTPUT 

TRANSFORMER 


VERTICAL 
DEFLECTION COILS 



Figure 12-24. -Vertical amplifier. 

There is a tendency for the inductance of the 
vertical coils, acting with the distributed ca 
pacitance, to set up spurious oscillations These 
spurious oscillations may be damped out in the 
case of the vertical deflection system bv re 
sistors connected across the vertical deflection 
coils as indicated in the figure. A more complex 
system of damping is generally employed with 
horizontal deflection systems. 


HIGH-VOLTAGE SUPPLY 

A simplified circuit of a flyback (or kickback) 
high-voltage power supply commonly used in 
television receivers is shown in figure 12-25. 
In this high-voltage system the horizontal out¬ 
put transformer serves two purposes. It couples 
the amplified horizontal sweep pulse of current 
to the horizontal deflection coils, and it serves 
as a high-voltage auto transformer. 

In Basic Electricity, NavPers 10086-A, it 
was shown that the voltage, eL, induced in an 
inductance is determined as 


e L 


= L 


Ai 

At 


where L is the value of inductance, Ai is the 
change in current through the inductance, an 
At is the interval of time during which the cur¬ 
rent undergoes the change. 

Because the flyback time is less than luy 
and both the inductance and the current change 
are relatively large, the induced voltage 
very high. In some large-screen receivers 
voltage may be as high as 30 kv. Obvious \ . 
voltage is dangerous, and care must he 

to see that the set is deenergized and that ca¬ 
pacitor C is discharged before servic g 

receiver. •. 

During the time of the horizontal sweep e 
current through the output transformer 
up steadily, and simultaneously the ma 
field builds up. During the flyback time he m 
rent is reduced sharply, and the ma SJi e , 
collapses. A large voltage is thereby 
in the primary winding. This voltage is P 
between the plate of the high-voltage r , 
and ground, and pulses of current flow ^ 
the rectifier during the flyback time. _ 

of the large number (15,750) of pulses oc ^ 
each second, a small capacitance may ^ 
in the filtering arrangement, Incommer n is 

ceivers the high voltage filter ca pac d 
sometimes eliminated; filtering is acc p 

by stray capacity. Likewise, series r 
is often eliminated. „ rt mmonly 

The horizontal output transformer 
has a powdered-iron core to avoid t e ^ 
vibrations that might be set up at the 
sweep frequency of 15,750 c.p.s. if a ^ 

core were used. Filament voltage for ndar y 
voltage rectifier is obtained from a s ^ d thB 
winding (one or two turns of wire) a 
flyback transformer core. 
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HIGH VOLTAGE 



Figure 12-25. —Simplified circuit of flyback high-voltage power supply. 


In this type of circuit, failure of the low- 
)ltage supply (Bf) automatically removes the 
gh voltage. This is an advantageous arrange- 
ent because if the horizontal sweep were re- 
oved without removing the high voltage at the 
ime time, the screen would be burned at the 
>mt where the electron beam strikes it. 

The damper tube is used to dissipate the 
•ergy contained in the oscillations set up in the 
tput stage during the horizontal flyback time, 
commercial sets the damper tube also serves 
boost the Bf voltage to a value almost twice 
5 original Bf value. When this convenient de- 
?n feature is used it provides a boosted Bf. 

In some television sets, other types of high- 
age supplies are used. For electrostatic- 
>e deflection tubes of small diameter, a con- 
itiona 1 high-voltage supply (using a stepup 
msformer, rectifier, and filter) may be used. 


For sets requiring higher voltages, an RF os¬ 
cillator supply is sometimes used. 

When very high voltages are needed, voltage 
doublers, triplers, or quadruplers are com¬ 
monly used. 


TELEVISION SOUND SYSTEMS 

The sound system of a television receiver 
is essentially the same as that of an FM re¬ 
ceiver. Because FM receivers are described in 
Basic Electronics, NavPers 10087, it is un¬ 
necessary to describe them in detail in this 
chapter. An important difference, however, is 
the system used for IF amplification. There 
are two systems in use: the SPLIT-SOUND 
SYSTEM and the INTERCARRIER-SOUND SYS¬ 
TEM. 
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Split-Sound System 

A simplified version of a split-sound system 
is shown in figure 12-26 (A). Although a large 
number of the newer television receivers use 
intercarrier sound, some sets still employ the 
split-sound system. In the split-sound system 
the sound IF is removed at the output of the 
converter (or from the first video IF) and am¬ 
plified in a series of sound IF amplifiers. 

The sound carrier is frequency modulated, 
and therefore it is demodulated by means of a 
DISCRIMINATOR. A RATIO DETECTOR or a 
GATED-BEAM tube may also be used. The 
discriminator and the ratio detector are treated 
in Basic Electronics, NavPers 10087; the gated- 
beam tube is explained later in the chapter. After 
being demodulated in the discriminator the 
sound signal is amplified in one or more audio 
amplifiers and fed to the speaker. 

The method of removing the sound IF from 
the output of the converter is of interest. If the 
picture (video) IF is 25.75 me. in tfre system 
shown, the sound IF must be 4.5 me. below it, 
or 21.25 me. It will be recalled that in the trans¬ 
mitted signal the sound carrier is 4.5 me. above 
the video carrier. Therefore, if the local os¬ 
cillator has a higher frequency than the incoming 
video and sound carriers, the sound carrier IF 
will be lower in frequency than the video carrier 
IF. In some of the newer sets the video IF is 
45.75 me. and the sound IF is 41.25 me. 


In figure 12-26 (A), L2C1 is a high-Qtuned 
circuit resonant at the sound IF frequency 
(21.25 me.) and is inductively coupled to I4.1 
therefore extracts the sound IF and passes it to 
the sound IF system. 

CoiLLj and the distributed capacitance reso¬ 
nate at 21.8 me., which is within the bandpass 
of the stagger-tuned video IF system. As has 
been explained previously, none of the video IF 
stages is tuned exactly to the video IF. This 
spread in IF frequencies results in an IF band 
pass of about 4 me. 

Resonant circuit L2C1 is a sound trap the 
output of which serves a useful purpose. Other 
traps are used in the video IF stages to remove 
any audio IF signals. One trap removes the 
lower adjacent-channel sound IF, another re¬ 
moves the higher adjacent-channel sound IF, 
and the third removes any remaining sound IF 
of the channel being received. If sound signals 
should be passed through the video IF stages, 
and: cat to the video output, the picture would be 
distorted; that is, horizontal bars would appear 

in the- picture. . 

The maximum frequency deviation 01 te e- 
vision FM signals is 25 kc. from the carrier 

center frequency. In commercial FMsyste 

the maximum frequency deviation is 75 kc * 
FM band pass in television is 50 kc., 
commercial FM it is 150 kc. It is there 
relatively simple to design television soun 
stages that will pass the required band of r - 
quencies. The IF transformers are commo y 
slug tuned. 



B+ 

(A) SPLIT-SOUND SYSTEM 

Figure 12-26. -(A) Television sound system. 
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Figure 12-26. —(B) Television sound system. 


Inter carrier-Sound System 

A simplified version of an intercarrier sys¬ 
tem is shown in figure 12-26 (B). This system 
is now used in most commercial sets. Its ob¬ 
vious advantage is that the sound is amplified 
along with the video, which means fewer audio 
stages are necessary. 

The carrier IF in the output of the RF unit 
is the same as those in the output of the RF unit 
w the split-sound system. Because the IF stages 
in the inter carrier system must pass both the 
picture and the sound IF carrier, the band pass 
must be wide enough to pass both of these 
frequencies. 

.Although both video and sound IF carrier fre- 
quenjiies (with their sidebands) are amplified in 
the IF stages, the sound IF is not amplified as 
tnqch as the picture IF. By keeping the sound IF 
level much lower than the picture IF level, a 
K5v.mc. ; beat note, containing only the modula- 
jon of 'the original RF sound carrier, is ob- 
aiped 4<?(thie second detector. This beat note is 
difference in frequency between the sound 
sarnei- IF and the picture carrier IF and, in 
act, Is the sound IF signal after it has passed 
e second detector. The difference between the 
ideo and sound carrier frequencies forms the 
•asis of the sound IF and is always 4.5 me. 

The 4.5 me. sound IF is extracted, as shown 
ti figure 12-26 (B), from the video amplifier by 
4.5 mc-trap. The sound IF then passes through 


a sound IF amplifier, which also serves as a 
limiter. The signal is then passed to a ratio 
detector and to an audio amplifier and speaker. 


Audio Detector 

When the ratio detector is used in the sound 
system of a television receiver three or more 
tubes are required for the sound. Even more 
tubes are required when the discriminator is 
employed. 

For additional economy of tubes, the GATED 
BEAM tube is sometimes used as the FM de¬ 
tector in television receivers. (It is also used 
in FM receivers.) Only one additional tube (out¬ 
put tube) is required in the audio portion of the 
inter carrier-sound system employing the gated 
beam tube because this tube amplifies and de¬ 
tects the signal. A simplified version of the 
gated-beam tube and the associated circuits is 
shown in figure 12-27. 

The sound IF signal is applied to the grid of 
the tube by the series-resonant input circuit. 
This provides some voltage stepup. If a given 
potential is applied to EITHER the input grid or 
the quadrature grid, the plate current will not 
exceed a certain value even if the other grid is 
made much more positive. On the other hand, 
if the potential on EITHER of the grids is nega¬ 
tive enough, plate current cutoff will occur no 
matter what potential is applied to the other grid. 
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In any case, plate current will not flow unless 
the potentials on BOTH grids are above the cut¬ 
off value. The amount that an incoming signal 
is permitted to change the plate current is thus 
limited. 

A parallel-resonant circuit, tuned to the 
center frequency of the sound IF, is connected 
between the quadrature grid and ground. This 
high-Q circuit is actually the heart of the FM 
detector. 

Assume that an unmodulated signal is applied 
to the sound IF input circuit. A voltage, the net 
value of which depends on the strength of the 
signal and the setting of the bias resistor, will 
be applied between the input grid and cathode. 
Electrons approaching the quadrature grid in¬ 
duce a current in the parallel-resonant circuit. 
The resultant voltage between the quadrature 


grid and ground is 90° out of phase with the volt* 
age betweenttie input grid and ground (fig. 12* 
27 (B), P ai *t(2j). Therefore, the tube can conduct 
only when btfth voltages are above the cutoff 
voltage. 

Now assume that afrequency-raodulatedsig- 
nal is applied to the input grid. When the input 
signal is below the resting frequency, the 
parallel-resonant circuit will become inductive. 
The quadrature grid voltage will then be less 
than 90° out of phase with the inputgrid voltage, 
as shown in figure 12-27 (B), part (l). 

When the input signal is above the resting 
frequency the parallel-resonant circuit will be¬ 
come capacitive. The quadrature grid voltage 
will then be more than 90° out erf phase with 
the input grid voltage, as shown in figure 12- 
27 (B), part(3) 



(AlciRCUIT 



Figure 12-27. Gated-beam tube and circuit. 
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Because plate current flows only when there 
9 is a positive potential on the quadrature AND 
. the input grid, the relative time durations of 
current flow are as indicated in the figure. The 
volume control and the capacitor in the plate 
circuit, in effect, smooth out the current pulses 
and develop the audio signal voltage across the 
1 volume control. 


SUMMARY 

Television is becoming increasingly impor¬ 
tant in several Navy applications. It is there¬ 
fore necessary that the AT become acquainted 
with this important branch of electronics. In 
the study of television a good working knowledge 
of the fundamentals of electricity and electronics 
is absolutely essential. As in other branches of 
electronics, there is no substitute for the ability 
to "think through* a circuit and to apply "effect- 
to-cause* reasoning. 

The objective in television is to convert 
light reflections from an object into equivalent 
electrical impulses so that with the help of con¬ 
trol and scan circuits the image of the object 
may be reproduced at the receiver. 

The complete details of a picture or object 
cannot be transmitted (with the system currently 
being used) simultaneously. They must be sent 
bit by bit in rapid sequence so that with the aid 
of persistence of vision the picture may be seen 
as a whole. This method of transmitting a pic¬ 
ture in parts, or bit by bit, is called SCANNING. 
In the United States, scanning (both in the camera 
tube and in the picture tube) is from left to right 
and from top to bottom. In order to avoid ob¬ 
jectionable flicker without increasing the hori¬ 
zontal scanning speed, and without increasing 
the band pass requirements of the composite TV 
signal, each of the thirty complete frames that 
are scanned out each second is divided into two 
fields. That is, during the first field every other 
line is scanned, and during the second field the 
unes missed during the first field are covered. 
This system of scanning is called INTERLACED 
SCANNING. Essentially the same net effect, as 
far as the viewer is concerned, is obtained by 
the shutter action in moving picture projectors. 

In one type of camera tube the electron beam, 
under the influence of the deflection coils, scans 
a ^ r ® ss *h e mosaic, which is composed of minute 
globules of a light-sensitive compound. The in¬ 
dividual globules have charges that are propor¬ 
tional to light incident on them. The electron 


beam neutralizes the charges, and the resultant 
instantaneous electron flow from the common 
back plate of the mosaic through a resistor de¬ 
velops an instantaneous signal voltage. The 
succession of signal voltages is amplified, and 
along with the blanking and synchronizing volt- 
ages, is used to modulate the video carrier wave. 

Blanking voltages are used to blank out the 
electron beam in both the camera and the picture 
tubes during the horizontal and vertical retrace 
times. Synchronizing voltages are injected dur¬ 
ing the blanking periods to synchronize the hori¬ 
zontal sweeps and the vertical sweeps at the 
transmitter and the receiver. 

Because an image may contain a vast amount 
of detail, a wide range of frequencies must be 
transmitted for satisfactory viewing. Therefore, 
the transmitter and receiver circuits must be 
capable of passing, without distortion, a wide 
range (about 4.5 me.) of frequencies. 

Although the audio signals are transmitted 
along with the video signals, the audio and the 
video systems are essentially separate systems. 
The video carrier is amplitude modulated and 
the sound carrier is frequency modulated. 

Because the television signals present at the 
receiving antenna are often very weak, it is 
necessary to use a high-gain antenna. Because 
out-of-phase signals may arrive (after reflec¬ 
tion) at the rear of the antenna, it may be de¬ 
sirable to use a highly directional antenna. 
Various types of commercial antennas are 
available for both the VHF and UHF bands. The 
UHF antennas are smaller, and therefore ela¬ 
borate arrays that would be too cumbersome at 
lower frequencies are sometimes used. 

Television "front ends* have much in com¬ 
mon with radio front ends. However, band-pass 
considerations, wide tuning range, high- 
frequency operation, and reception in fringe 
areas have introduced design problems. Front 
ends are composed of an RF amplifier, a local 
oscillator, and a mixer. The cascode amplifier 
is a popular television RF amplifier. It pro¬ 
duces fairly high gain and introduces very little 
noise. The oscillator and the mixer sections of 
TV receivers are generally included in separate 
tube envelopes in order to achieve maximum 
frequency stability. 

A number of tuning methods are used in TV 
front ends. Rotary switches that connect the 
correct inductors and capacitors for the desired 
channel are often employed. In some systems 
the "tuned line* is used, and in others the turret 
tuner is used. The Inductuner, one of the few 
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continuous tuners, tunes over the entire tuning 
range. 

Band-pass requirements, vestigial sideband 
transmission, and the necessity for trapping out 
undesired frequencies have introduced problems 
in the design of video IF amplifiers. Stagger 
tuning is employed to obtain the desired band 
pass. In order to avoid overemphasizing the 
frequencies adjacent to the video carrier, the 
video IF stages are adjusted so that the video 
IF falls approximately half way down on the 
slope of the video IF band pass. Resonant trap 
circuits are used to absorb and dissipate the 
energy contained in the undesired frequencies. 

The video detectors commonly employed are 
electron-tube or crystal diodes. The output of 
the detector may have a positive or a negative 
picture phase, depending on the way the diode 
is connected. 

After the video signal has been rectified in 
the video detector, it is amplified in one or more 
amplifiers before it is applied to the picture 
tube. Because a wide band of frequencies must 
be passed without discrimination by the video 
amplifiers, they must be carefully designed. 
Special high- and low-frequency compensating 
circuits must be used to extend the approximate 
range of frequencies passed from 30 cycles to 
4 me. In other words, frequency distortion must 
be eliminated as much as possible. In order to 
pass the required wide band of frequencies, 
some form of shunt compensation or series 
compensation or a combination of both is used. 
Likewise, phase distortion must be eliminated 
as much as possible. Phase distortion is re¬ 
duced by the proper design of the coupling 
circmts. & 


me d-c component of a pulse waveform mu 
be restored after it has been removed by t 
passage of the waveform through the coupli 
capacitor in the video amplifier stage. It is t 
function of the d-c restorer to reinsert t 
correct d-c component at the input of the tel 
vision picture tube so that the correct level 
background illumination will be maintaine 
Diode or grid-leak restorers are the types oft 
used. 

Synchronizing circuits are exceedingly ir 
portant in TV receivers. These circuits se 
arate the sync pulses from the composite vid 
signal and in turn separate the horizontal fre 
the vertical sync pulses. 

The horizontal sync pulses are used 
trigger the horizontal oscillator (a multivibrat 
or a blocking oscillator) at the correct insta 


to keep the horizontal sweep of the receiver^ gj 
step with the horizontal sweep of the trans- e i 
mitter. If the horizontal oscillator does not pi 
lock-in properly, the picture will give the ap t 
pearance of tearing. • 7 

The output of the horizontal oscillator is fed tl 
to a circuit (for example, a discharge tube), 
which gives the voltage pulse the proper trape- 6 
zoidal sawtooth form. The pulse is then amplified s 
and fed to the deflection yoke. It is common c 
practice to utilize the inductive kick due to the t 
horizontal flyback in the output transformer to £ 

produce the high voltage for the picture tube, < 
The output transformer has an auto-transformer ' 
arrangement, which effectively adds the neces- * 
sary additional inductance. Included in this stage | 
is the damper tube which dampens oscillations 
and provides boosted B+. 

The vertical sync pulses are used to trigger 
the vertical oscillator (a multivibrator or a 
blocking oscillator) at the correct instant o 
keep the vertical sweep of the receiver in step 
with the vertical sweep of the transmitter, 
the vertical oscillator does not lock in proper y, 
the picture will “bounce.” 

The pulse from the vertical oscillator is 
properly shaped, amplified, and fed to the yo e. 

The two television sound systems in use ar 

the split -sound system and the inter carrier sys¬ 
tem. In the split-sound system, the sound 
picked off at the output of the mixer, or per P 
in the first video IF stage, and fed to the so 
IF stages. The sound IF is then demodulated j 
a discriminator or a ratio detector an 
the audio amplifier and the speaker. 

In the intercarrier system the soun a® 
video signals are amplified in the same j 
tern of amplifiers. At the video detector, <■ r 
a circuit following the video detector,the 
IF is removed and fed to the soundlF amp > 
which also acts as a limiter. A ratio de ^ 
or a discriminator may be used as the 
tector. A gated-beam tube is sometime 
as the FM detector. When this tube is use<i, 
sound IF stage may be omitted. After ^ 
sound signal has been detected it is fe 
audio amplifier and the speaker. 


CLOSED-CIRCUIT TELEVISION 

Closed-circuit television is em P*°p e< L ce 
many Navy ships and stations. Navy ^ 
schools at Memphis, Tennessee have 
mented with this method of teaching, 
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E;! ships have installed closed-circuit TV for crew 
i] entertainment, education, and for operational 
purposes; and at least eight Navy shore facilities 
P have or plan to have, closed-circuit Weather- 
vision. Weathervision will be described later in 
i this chapter. 

te The crew of the U.S.S. Independence (CVA- 
i 62) purchased and installed a closed-circuit TV 
a system that serves some fifty standard re- 
i! ceivers. The system is used primarily for crew 
it entertainment, news and weather reports, and 
t special “live” shows from the hangar and flight 
3 decks and from a TV studio. Telecasting flight 
! operations from the flight deck has the fortunate 
j advantage of eliminating "vulture's row”, and the 
: crew can view flight operations in safety. The 
50-odd receivers used on the carrier are stand¬ 
ard commercial types and can be used for com¬ 
mercial broadcasts reception as well as for 
closed-circuit operation. 

Weathervision 

Weathervision is a closed-circuit (wire 
transmission) TV system used to transmit 
weather data to remote locations, for example 
to many different locations on a Navy station. 
It provides means to convey this information 
visually through charts, maps, screens, and so 
forth accompanied by verbal descriptions of the 
presentation. Those at the receiving end are 
enabled to request information over the audio 
lines of the system. 

Figure 12-28 shows the console of the Dage 
Weathervision System. The console consists of 
a TV camera mounted above a table, a control 
panel for station audio control, a monitoring 
screen, and three clocks. The clocks are 
alarms and are used to remind the operator 
of scheduled weather briefing. The station se¬ 
lector panel is used to pipe audio to stations re¬ 
questing a briefing. The monitor screen displays 
the same picture as the remote receivers, and 
aids the forecaster in positioning the charts or 
maps under the camera. 

Figure 12-29 shows how a closed-circuit 
system might be installed. The various ready 
rooms can be located in widely separated hang¬ 
ars, and each may represent several receivers 
in one hangar. Receivers may be located at any 
point that can be reached by coaxial cable, the 
only, restriction being that video amplifiers are 
necessary for long runs. The amplifiers, de¬ 
scribed in detail later, serve two purposes—(1) 
they replace signal cable losses, and (2) provide 
for isolation between receivers. 



Figure 12-28.—Console of Dage Weathervision 
system. 

1. Camera selector 3. Press-to-talk 

switches. switch. 

2. Receiver selector 4. Capiera control 

switches. panel. 


Receivers used in the Weathervision system 
are much like home TV receivers; however, 
they are built specifically for closed-circuit 
operation, and will not receive standard tele¬ 
cast. They are also ruggedized in that their 
design incorporates realibility features not 
usually found in the highly-competitive com¬ 
mercial sets. 


System Operation 

When the weathercaster gives a TV weather 
briefing, he places the chart or map to be tele¬ 
cast on the console table. The table is a lighted 
transparent surface, and can be used to show 
either transparent or opaque material. The tele¬ 
cast is applied to all receivers, but the audio 
signal is applied only to those stations requesting 
it. Weather information is thereby presented 
visually and orally. Each receiver has a "push- 
to-talk” button that permits voice communica¬ 
tion with the console operator. Should a viewer 
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at a remote receiver wish to hear the oral ex¬ 
planation of the weather material being pre¬ 
sented, he presses the “push-to-talk” button and 
requests that he be included. This action also 
lights a lamp on the console control panel, and 
the console operator actuates the appropriate 
toggle switch to channel audio to that particular 
receiver. The- console operator also has a tape 
recorder to record instructions, questions and 
answers. 5 

The theory of the pickup camera, transmit¬ 
ter, and receivers is basically as already de¬ 
scribed in this chapter, with the exception that 

the video signal is contained within coaxial cable 

One problem that has not been mentioned prel 
viously is the necessity of isolating receivers 
from each other. When two or more receivers 
are served by one video line they must be iso¬ 
lated from each other so that no interaction 
occurs between them. The Dage system use* 
distribution amplifiers for this purpose 


Distribution Amplifiers 


do# 


The distribution amplifier serveS * ^ 

purpose-(1) it amplifies the video b gnai, 

(2) it provides two isolated outputs, 
outputs are not only isolated from each otter, 
but are also isolated from the video • 
When the switch on the amplifier ^ 
HIGH IMPEDANCE position ( < J penj fl _ 1 2.30.) 
line is looped from Ji to J2- ( S ® e o I 11 g ' itc hes 
When several amplifiers are used » no8 i. 
must be placed in the HIGH IMPEDANCE P ^ 
tion, and the line must be tormina e 
impedance matching plug. The ma c ^ 
may be eliminated if the switch on 
amplifier is placed in the 75 ohmspos * ^ 
When the distribution amplifier P 
series with the video line simplyfor ^ 
of amplifying the signal, the swi c 
placed in the 75 ohms position, 
output is thus properly terminated. 
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Figure 12-30.-(A) Distribution amplifier, rear view; (B) loop-through 

arrangement 
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ALL CAPACITORS ARE IN MFD ALL RESISTORS ARE IN OHMS- K= 1.000, MEG= 1,000,000 


Figure 12-31.—Distribution amplifier schematic. 


The video amplifiers employ low plate load 
resistances and shunt peaking coils for wide 
band amplification. Gain control R14 is adjusted 
for the proper signal voltage to Vi's grid. (See 
fig. 12-31.) If too much signal is applied to VI 
video compression will result. The plate signal 
of VI is decoupled from the power supply bv 
C3B and C3C. y y 

LI and L2 are shunt peaking coils designed 
to resonate with tube and stray capacitance 
slightly above the point where the response 
curve begins to fall off. The higher frequencies 
are thus peaked, and the response curve is 
flattened. 


ine mode section of V2 is diode-connect 
to provide for d-c restoration at the parallel 
grids of V3 Crystal diode SR3 is connected 
negative polarity across the filament voltas 
and provides a small negative bias for the r 
storer plate. When the negative-going signal 
V3's grids exceeds the plate bias onT r 
storer, the restorer conducts to provide 
steady, d-c reference at the driver’s gric 
Thug, d-c restoration is made g 

-Conductive (direct) coupling is made from t 
two driver cathodes to the two output tubes TV 
arrangement maintains the d-c signal compon 
and provides isolated drives to the separate o 
put stages. The output tubes, V4 and V5 ha 
their dual tnode sections paralleled Noti 


that each tube has a 10-K resistor in its cathodi 
It is necessary, therefore, that the cathode 
line be terminated in a 75-ohm impedance 


normal tube current can flow. - 

With switch S2 set in the open position IB 
IMPEDANCE), the input signal is coupiea^ 
rectly to the GAIN control in the gri 
With S2 in the closed position (75 ohms), 
input line is terminated by Rl. Th e ^ 
jacks, J1 and J2, are provided so that W 
through to another circuit can be made. 


AIRBORNE TV 

As stated in the introduction to this 
V will find extensive usage in nav ^ 
the future. Closed-circuit TV is emp K 
e A3J aircraft as a component of o e0 
)mb Directing Set. In this application ^ 
gnal is displayed on the radar indjca • cl i 
e raster is composed of Unes thame ^ 
stead of horizontal. Much of the i ^li 
composed of circuits as already e s 
is chapter, but many special des gn 

e also employed. Military standar j 

high degree of reliability under co ^ 
tanging temperature and altitude, _ ^ 
ress, strain, and vibration T y in tfe 
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Figure 12-32. —Closed-circuit TV. 


13J is ruggedized for physical toughness, and 
ircuit-designed for reliability. Transistors 
nd printed circuit boards comprise a large 
>art of its physical construction, and the boards 
re arranged in racks for easy removal. Re¬ 
lability takes precedence over economy, so 
arts, units, subassemblies, and assemblies 
re designed with greater tolerances, where 
ermissible, and greater safety factors 
iroughout. 

The theory and operation of the closed-circuit 
V in the A3J is adequately covered in section 
I of the HMI for that aircraft. Only a few of its 
articulars are mentioned here, and then only 
>r the purpose of familiarizing you with the 
istallation in general. 


Characteristics 

Figure 12-32 shows the complete closed- 
jrcuit television system that is installed in the 


A3J aircraft. The scanner is mounted on the 
underside of the aircraft, and the TVset control 
scanner and position indicator are located on the 
navigator’s panel. The desiccant assembly re¬ 
moves moisture from the air before it is used 
to cool the TV assembly. 

The scanner is an optical prism that is ro¬ 
tated about its horizontal axis to change the 
elevation of its line of sight, and about its 
vertical axis to scan in azimuth. 

The simplified block diagram in figure 12-33 
shows the functional arrangement of the various 
units of the TV system. Servos are used to 
position the scanner, scanner position indicator, 
and the variable density filter which is called a 
wedge. The wedge is the unit that determines 
the video gain of the TV camera. Its servo 
receives video signals from a feedback loop. 
This loop is an automatic video gain arrange¬ 
ment. The blast filter is-solenoid operated. It 
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Figure 12-33. —Simplified block diagram of closed- circuit TV. 


is used to protect the vidicon tube in the camera 
from bright light that may cause image burn 
The blast filter is in the optical path at all times 
except when the TV scanner is in operation. 


that inserts the selected lens into the optical 
path. 


Three lenses are available in the lens 
tarret-narrow-field, wide-field, and normal. 
All three lenses may be adjusted for focus The 
lens turret is positioned by a power change unit 


The television camera is complete y 

sistorized. It consists of nine miniature pr 

circuit boards, a vidicon control unit, * 
vidicon camera pickup tube, a deflec 1 , 

and a power transformer. The circuj s 
are very similar to those described ea 
this chapter. 


1 . 


To reduce flicker on a TV screen , 

the following de sign methods was'used? 

a. I he interlace system 

b. Because of flyback, more than 525 line s 

c. The Persistency of the screen was "n 

increased s ln 

d. Bandpass was reduced to 4 mc . 


QUIZ 


th C tv 

2. Vertical and horizontal scanning on 
screen is accomplished by use o 


synchronized sine wave g ene fS 
synchronized sawtooth gener ’ yg 
free-running sine wave 8 en s 

free-running sawtooth g ene 
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3. A simple dipole antenna for channel 5 with 
a picture carrier frequency of 77.25 me. 
has an overall length of 

a. 3.03 feet 

b. 6.06 meters 

c. 30.3 meters 

d. 6.06 feet 

4. Ghosts (shadows) are normally eliminated 

in the 

a. video detector stage 

b. video IF stage 

c. mixer stage 

d. antenna system 

5. To provide sufficient band width in the video 
IF strip, the stages are 

a. slug tuned 

b. capacity tuned 

c. untuned 

d. stagger tuned 

6. In a well-designed video amplifier stage, 
the high-frequency compensation network 
is composed of 

a. shunt peaking coils 

b. short RC filter 

c. shunt and series peaking coils 

d. series peaking coils 

7. The sync separator stage is used to separate 
the 

a. sync (horizontal and vertical) pulses 
from the composite waveform 

b. vertical sync pulses from the horizon¬ 
tal sync pulse 

c. horizontal from the vertical sync pulses 

d. sync pulses from the audio discrimina¬ 
tor 

8. Which of the following statements is most 
correct? 

a. The horizontal sync pulses are shaped 
by an integrator circuit 

b. The vertical sync pulses are shaped by 
a differentiator circuit 

c. The horizontal sync pulses are shaped 
by a differentiator circuit 

d. Both horizontal and vertical sync pulses 
are distorted by the integration circuit 

9. When a composite is being received, the 
blocking oscillator used as a vertical sweep 
oscillator is 

a. free running 

b. triggered 

c. synchronized 

d. all of the above 


10. Automatic frequency control of the hori¬ 
zontal oscillator will compensate for 

a. noise pulses 

b. component tolerance drift 

c. line voltage variations 

d. all of the above 

11. The trapezoidal waveform applied to the 
control grid of the horizontal driver tube 
causes plate current to vary as a 

a. trapezoidal waveform 

b. square wave 

c. sawtooth waveform 

d. sine wave 

12. Select the most correct statement which 
concerns horizontal output circuits 

a. The damper and high voltage rectifier 
tubes conduct during flyback time 

b. The damper tube damps out oscillations 
during sweep time 

c. Only the high voltage rectifier conducts 
during sweep time 

d. The boost capacitor charges during 
sweep time 

13. In the majority of television sets, if the 
horizontal oscillator fails, which of the fol¬ 
lowing is indicated? 

a. Bias increases on the horizontal driver 
tube causing plate current to decrease 

b. Bias decreases on horizontal driver 
tube causing plate current to increase 

c. Boost B + increases 

d. Damper plate current increases 

14. The sound system in a TV receiver is the 
same as a/an 

a. single side-band 

b. AM receiver 

c. FM receiver 

d. AM receiver on MCW 

15. The more modern TV receivers use 

a. split-sound system 

b. intercarrier sound system 

c. thru-channel demodulator system 

d. nine me. sound IF system 

16. The ion trap serves to prevent 

a. electrons from forming a space cloud 
near the cathode 

b. electrons from forming a space cloud 
near the CRT screen 

c. the heavy ions from leaving the electron 
beam 

d. screen overbrilliance by removing the 
ions from the electron beam 
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17. Sound bars on the TV screen may be elimi¬ 
nated by adjusting the 
4 . 4.5-mc, sound IF trap 

b. second video IF 

c. third video IF 

d. sound discriminator 


18. The closed-circuit television in the A3J 

a. is utilized in heavy fog for navigation 

b. displays control signals from the con¬ 
trolling ship or base 

c. superimposes the TV signal on the 
radar signal 

d. utilizes the radar PPI as its CRT 


19. The brightness is increased on the TV 
screen by 

a. increasing the bias on the CRT 

b. decreasing the collector-ring voltage 

c. decreasing the bias on the CRT 

d. movin-g the ion trap forward 

20. If two pictures are observed side bysideon 
the TV screen, the frequency of the 

a. vertical oscillator has doubled 

b. horizontal oscillator has doubled 

c. vertical oscillator is one-half the nor¬ 
mal frequency 

d. horizontal oscillator is one-half the 
normal frequency 
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CHAPTER 13 

DIGITAL COMPUTERS 


Much apparent mystery surrounds the term 
COMPUTER. People have heard that computers 
are used in almost every field of science and 
economics to do almost everything. It is known 
that computers, when supplied with pertinent 
data, can predict political outcomes, guide 
missiles, determine production improvements, 
play games of chess and checkers, and solve 
mathematical problems at fantastic speeds. 

How these things are accomplished will be of 
increasing interest to the AT of the Navy. The 
special-purpose airborne computer, designed 
to do only a limited number of jobs, is the 
computer of paramount interest to the AT. 
General-puipose computers, like Univac, are 
capable of many jobs; but their circuitry, while 
fundamentally the same as the special-purpose 
computer, becomes very complex. 

The purpose of this chapter is to remove 
much of the mystery surrounding digital com¬ 
puters by delving into their methods of operation 
and by familiarizing you with the language of 
the science. Only the special-purpose computer 
will be discussed at length. 

Needless to say, digital computers, like most 
recent “discoveries,” are not new. They have 
been used as long as man has been holding up 
fingers to designate quantity. Only the methods 
have changed. Down through the centuries man 
has variously used fingers, sticks, adding 
machines, calculators, and now computers. The 
methods used by each are different, and the 
speed and capabilities of each are different, but 
the final outcomes are the same—answers based 
on logical calculations. 

Dispel any thought that a computer can think— 
it cannot. Digital computers, when manufactured, 
are as devoid of knowledge as a doorknob. Only 
after some information has been placed into 
them can they do any calculating. A computer 
does not know that 2 + 2 = 4; however, it 
■definitely has the ability to make that calculation. 


The ability is built into the computer by various 
arrangements of relatively simple circuits. 

A • computer also has the ability to retain 
information by storing it in memory banks. This 
information, fed to the computer by an operator, 
is available whenever the operator calls for it. 
Information in airborne computers is stored in 
the form of magnetic charges. Such information 
is stored for varying periods of time—from a 
few milliseconds to years—dependent upon what 
use is to be made of it. 

When a computer performs an operation, it 
does so by comparing quantities representing 
data that have been placed into it. Its output 
consists of coded numbers that must be “read” 
and automatically translated into some form of 
understandable language. Since the airborne 
digital computer performs all of its functions 
by using coded numbers, it follows that any 
information to be fed to the machine must be 
transposed from plain language to coded number 
form. (The computer called Univac is an ex¬ 
ception. It can accept letters as well as numbers. 
Those computers used in airborne equipment 
perform their operations using only coded num¬ 
bers.) 

Later in this chapter you will be taught the 
binary numbering system; however, the word 
“numbers” as applied to computers is 
misleading—“coded numbers” would be more 
descriptive of the machine language. Actually 
coded numbers that represent information is 
merely a series of pulses and blank spaces 
cleverly encoded to represent various letters, 
numbers, items, operations, directions—or 
whatever is to be represented. 

Anything can be represented by a code of 
some sort; for instance, letters of the alphabet 
numbers, towns, distances. Coded messages are 
nothing more than letters and numbers repre¬ 
sented in terms of something else. In a coded 
message, the letter A may mean originator, the 
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number 6 may mean the letter H, etc. In digital 
computers, some code based on the binary 
numbering system is used. By employing dashes 
and blank spaces (binary l’s and O’ s that become 
electrical pulses and blank spaces), various 
things such as letters and numbers are repre¬ 
sented. The reason for this method of coding 
will become clear as you progress through the 
chapter. 

Every item of data fed to a digital computer 
is assigned a coded number designation. For 
instance, in a given problem the letter A may 
be assigned the coded number 1, the letter B 
may be assigned the coded number 2, and so on 
through the alphabet. Likewise, the numbers 0-9 
will each be assigned a coded number designa¬ 
tion. The point to understand at this time is 
that all the information handled by airborne 
digital computers is in the form of coded 
numbers, and that these coded numbers are 
usually stored in the computer in the form of 
magnetic charges. Coded numbers, then, is the 
language of digital computers. 


COMPUTER FUNDAMENTALS 

Digital computers contain blocks of circuits 
and machinery that can be broadly broken down 
into (1) the input-output unit, (2) the memory 
unit, (3) the arithmetic unit, and (4) the control 
unit. (See fig. 13-1.) 


ARITHMETIC * 

MEMORY 

INPUT 



-4 OUTPUT 


CONTROL 

UNIT 


Figure 13-1. — Fundamental units of a digital 
computer. 

The input-output unit is just what the name 
implies; that is, it is the unit into which infor¬ 
mation is fed to the computer, and from which 
information is taken out of the computer Input 
information to various computers can be applied 
by any one of several means. Punched cards is 
one form used to TALK to the computer or to 
feed data into it Most Navy paychecks have 
perforations that, when fed to a computer 
identify the check with the person involved’ 


Magnetic tape is often used to feed data into * 
computer. The tape will have magnetic charges 
impressed along its surface in the same my 
that a conventional tape recorder uses tape, 
The tape is run through a pickup head and the 
magnetic charges are “read" by the computer, 
Other methods of feeding information to the 
computer’s input unit are used, such as a key¬ 
board or a magnetic drum, but they all do the 
same thing-feed pertinent information to the 
computer so that a logical solution to aproblem 
may be obtained. „ 

The output unit translates the result of the 
computer’s operations into a readable language, 
or into some other form that is readily useM, 
The output of a computer may operate a relay 
or a light, or it may be used to position some 
mechanical device such as a pointer, a rudder, 
or a dial. In large computers the output may 
operate an electric typewriter. 

The memory unit, called the heart, 
computer, stores information until it l 
Data fed to the computer will be directe m 

memory unit. Such data includes INSTRUCTK) 
that tell the computer what operations tP 
form. The instructions may tell the comp 
to direct two numbers to the memory > 
at some later time transfer those 1 iw0 “ ^ r 
to the arithmetic unit and multiply them tog > 

and then place the answer back in die . 
unit. When all the pertinent fects of a proWJ 
are fed to the memory unit, the d 13 , 

that follow may tell the computer 0 ^ 

these facts in a defniite sequence to y 0 
metic unit and perform functions 
multiplication, division, and subtrac io • . 

Feeding the pertinent data into a co 
is a slow process compared to e ^^ ra tions. 
which the computer performs its °P :^j 
Many arithmetic operations canbepe ^ 
in the arithmetic unit within the spac ^ 
milliseconds. A problem that require ^ 
hours to accomplish by hand may 
the computer in much less than a sec rQ( ,l en tiK 
The arithmetic unit (pronounce y 
the MET as in CAL- U-MET’) is the og ai . 
It contains circuits that are relati 
in both theory and operation. It acc ^ 

mathematical calculations— addition » ^ 

tion, multiplication, and division—by P , 

logical operations. It must be reme nUDl . 
all mathematical calculations dealing ^ese 
bers take some form of one or nU mber 
four functions; for instance, squar j 1 # 
is merely multiplication, and extrac mg 
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root involves a combination of all of these 
functions. Likewise, an exponential curve is 
only the connecting together of many instan¬ 
taneous values that are arrived at by arith¬ 
metical calculations. The arithmetic unit ex¬ 
periences no difficulty in working in these areas. 
By comparing quantities of data against each 
other, the arithmetic unit is able to make 
logical decisions; for instance, to determine a 
bomb release point by considering aircraft 
speed, windspeed, drift, ballistics information, 
altitude, and other pertinent factors that have 
been fed to it. The solution to a given problem 
is sent from the arithmetic unit to the memory 
unit where it remains until needed for further 
calculations, or until otherwise routed by the 
control unit. 

The control unit of a computer is the unit 
that ties all the parts of the computer together 
to cause them to function automatically as an 
integrated system. Its functions are the same 
as any control unit on any system in that it 
commands complete control over every opera¬ 
tion the computer performs. 


LANGUAGE OF THE DIGITAL COMPUTER 

As stated previously, a digital computer 
works only with coded numbers. Each item of 
information fed to a computer is assigned a 
coded number designation, so the system of 
numbers employed is of paramount interest. 
Most digital computers use the binary num¬ 
bering system—that is, the numbers 1 and 0. 
The reason for this choice is that in using only 
two numbers the computer can work at an ex¬ 
tremely high rate of speed, and errors are 
reduced to a minimum. Such a numbering 
3ystem readily lends itself to representing 
lumbers by two-state switching, in which a 
i witch is either opened or it is closed, a tube 
s either conducting or it is not conducting, at a 
;iven point voltage is either present or not 
►resent—in other words, a pulse or no-pulse 
ituation. 

A major advantage of a computer is its 
intastic speed of computation. Mechanical de¬ 
ices such as relays and switches are much too 
low in operation, so some other form of switch- 
ig is necessary if high speed is to be realized, 
he obvious answer is an electronic switch that 
orks much faster than any mechanical device, 
nd since numbers are to be used as the language 

the computer, the question arises as to what 


electronic device is capable of handling ten 
numbers, zero through nine, efficiently. The 
answer—it is much easier to choose an elec¬ 
tronic device capable of handling only two 
numbers and then to represent all data in terms 
of those two numbers. 

Such a device is a vacuum tube that conducts 
to represent, say, a 0, and is cut off to repre¬ 
sent a 1. A crystal diode or a transistor can 
do the same thing. 

After the two-state electronic device was 
chosen as a practical switch, it became nec¬ 
essary to be able to represent any number in 
terms of 0 and 1. This is not only possible, it 
is easy to do. Using the binary system of 
numbering any number can be represented by 
0 and 1. 

The digits 0 thru 9 are used in our decimal 
system of numbers to form any quantity we 
wish to indicate. However, our decimal system 
is not the only system that can be used to 
indicate quantity. The decimal system employs 
ten digits, 0-9, but systems employing eight, 
seven, four, or any other number of digits 
COULD be used. Digital computers use only 
two, and the system is called the binary system. 

When a number is written, like 172, it is 
understood that a decimal point appears after 
the 2 even though it is never shown. The number 
172.00 is the same as 172, with no fraction 
indicated. Look at 172.00 again and note that the 
2 occupies the first place to the left of the 
decimal point, the 7 occupies the second place 
to the left of the decimal point, and the 1 is in 
the third place. In our decimal system, the 2 
means two l's, and the 7 means ten 7’s, and 
the one means one hundred l's—or, the 2 is in 
the l's place, the 7 is in the 10's place, and the 
1 is in the 100's place. You were probably taught 
to count “units, tens, hundreds, and so forth." 
from the decimal. In the binary system each 
place from the decimal point has a definite 
value also, but each place represents a power 
of two instead of a power of ten as in the 
decimal system. 

Figure 13-2 should help you to more easily 
understand the binary system, so make frequent 
reference to it as you read the text. 

--256 128 64 32 16 8 4 2 I .5 .25 .125 .0625-»■ 

2 11 2® 2® 2® H 2 s 2® 2 4 2^ 2^ 2 1 2® 2" 1 2 ^ 2"® 2~* 2'® 

—4] Gj] Qo] [ 9 ] [a] [ 7 ] i) il [4] [ 3 ] [I] [fj. [4] [ 2 ] [ 3 ] [!] [ 5 ]— 

PUCES TO LEFT OF DECIMAL PLACES TO RIGHT 

Of DECIMAL 

Figure 13-2.-Decimal-binary comparison. 
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In the figure, the PLACES to the left or 
right of the decimal point (called BINARY 
POINT in the binary system) are shown as 
numbered squares. Each place represents a 
power of 2. Thus, the number one to the left 
ALWAYS represents two to the zero power; 
place number 2 ALWAYS represents two to the 
first power; and all other places ALWAYS 
represent two to whatever power appears above 
them. Recall that any number to the zero power 
is ONE, and any number to the first power is 
that number itself. Thus, 2° = l,and2* = 2. The 
third place to the left of the binary point 
represents 2 ^, or 4, and the fourth place repre¬ 
sents 2^, or 8, etc. Each place always represents 
the power of 2 shown in the figure, and therefore 
the decimal number shown above each power. 
Any decimal number can be arrived at by adding 
the proper combination of powers of 2. 

The number 172 can be converted to binary 
in the following manner: (1) Look at figure 13-2 
and see what power of 2 is the highest number 
that is not larger than 172, in this case 2' (128). 
(2) Place a 1 under 2 7 . The 1 in this place means 
“pulse,” and the number 128 will be added to 
whatever other numbers have a 1 under them 
when you finish this problem. (3) Moving to 
the right, the next lower power of 2 is 64. 
However, 128 + 64 is 192-too high since the 
number being converted is 172, so place a 0 
under 2 b . The 0 means NO PULSE, and the 
number 192 will NOT be added to those numbers 
under which a 1 appears. (4) The next lower 
power of 2 is 2 5 (32). 128 + 32 = 160-this 
power (2 ) can be used since the sum of 128 
and 32 is less than 172, so place a 1 under 2 5 . 
(5) Continue moving to the right, placing l’s 
under those powers that can be used, and 0’s 
under those that cannot be used to total 172 

The final outcome when 172 is converted to 
btoary notati 011 is 10101100, as shown in figure 
13-3. Add the numbers under which 1 appears 
and the sum is 172. No other combination of 

p °^ rs , of tv f° can make this statement! And 
ANY decimal number can be converted to 

256 128 64 32 16 8 4 o , 



binary in the same manner. Table 13-1 
the ten decimal numbers in plainbinary notation, 


Table 13-1.-Decimal to binary. 


The decimal number 

Is binary 

0 

0000 

1 

0001 

2 

0010 

3 

0011 

4 

0100 

5 

0101 

6 

0110 

7 

oin 

8 

1000 

9 

1001 


Figure 13-3. —172 in binary arithmetic. 


Now consider representing a fractional num¬ 
ber in the binary system. In figure 13- noe 
that the first place to the RIGHT of the b H 
point is 2 1 , and its decimal value is 0.5 (or 
1/2). The second place to the right is 2" ,an i 
decimal value is 0.25 (or 1/4). Continuing o 
right, each place away from the binary P 
represents the power of two and the fractionnoiea 
in the figure. The progression to therign ■ 
0.5 (1/2), 0.25 (1/4), 0.125 (1/8), 0.0625 (W 
etc., in the same manner that the powers 
progressed to. the left for whole num J.' * 
write the number 172.25 in binary S to the 
would only be necessary to add in101 100.01 
solution arrived at earlier. Thus, 10 ^ 

is the binary 172.25. Likewise, 10101iw.v 
the binary equivalent of 172.375 (or 

CODES USED WITH BINARY ARITHMETIC 

The term “binary arithmetic," aS 
stated, means arithmetic using only ° 
bers. You have seen how any number ^ 
written in binary notation, but so far ve ^ 
has been said about the coding systems 
binary numbers. There are as manyco . ^ 
terns as there are types of computers, ^ 
advantages for the particular corapu . 
which they are used, and all have ®° gaS 
advantages. Coding systems have sue n 
the 8-4-2-1 code, Excess-3 code, 5-4- - ^ 
and many others. The excess-3 code lS f or 
is frequently used. But first, the rea 
coding will be given. 
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One reason for coding has already been 
mentioned—to distinguish one item of data from 
another. The Excess-3 code, however, means 
something different. Here the Excess-3 code 
merely means that the binary number 3 is 
added to any binary number that is used to 
designate an item of data. For instance, the 
letter C may be encoded in binary notation as 
0011 (which is the number 3 in decimal notation). 
That means that when the letter C is to be fed 
to the. computer it could be encoded to plain 
binary 0011. However, if the Excess-3 code is to 
be used with the binary numbers, then a binary 
3 must be added to 0011, making it 0110 (which 
is 6 in decimal notation). Therefore, while 
0011 means 3 in PLAIN BINARY NOTATION, 
0110 means 3 in the Excess-3 code, and, in this 
case, it also means the letter C. 

Table 13-2 will help to explain the use of the 
Excess-3 code. 


Table 13-2.-Decimal to binary to Excess-3. 


The decimal 

Is 

And in 

number 

binary 

Exce6S-3 code is 

0 

0000 

0011 

1 

0001 

0100 

2 

0010 

0101 

3 

0011 

0110 

4 

0100 

0111 

5 

0101 1 

1000 

6 

0110 

1001 

7 

0111 

1010 

8 

1000 

1011 

9 

1001 

1100 

In the table, the binary numbers that repre¬ 
sent the respective decimal numbers have a 
binary 3 added to them in order to notate them 

1 in the Excess- 

■3 code. 



The Excess-3 code (or any other code) is 
useful for several reasons. One reason is that 
by proper arrangement of circuits the computer, 
because of the code, can check its own calcula¬ 
tions to see if it made an error. The main 
reason for using a code is that computers, in 
working arithmetic, must use an unusual method 

I of calculation. Arithmetic operations are often 
erformed by using the complement of a number 
istead of the number itself. This necessity is a 
esign technicality, and further discussion on the 
lethods of arithmetic in a computer is un¬ 


necessary for this introductory chapter. But 
maintenance personnel on general purpose com¬ 
puters must of necessity delve very deeply 
into that subject. 

Refer to table 13-2 and note that in the binary 
column four binary BITS are used to change a 
decimal number into a binary number. The 
word BIT is a contraction of "binary digit," 
and refers to a binary 1 or 0. In writing a binary 
2 or 3, only two bits are actually required—10 
(one, zero) for 2 and 11 (one, one) for 3. But 
four bits are required to write a binary 8 or 
9-1000 for 8, and 1001 for 9. For this reason, 
four bits are used to designate each of the ten 
decimal numbers, as shown in the table. 

When encoding data into binary "words," it 
is necessary to encode letters and characters 
as well as decimal numbers. By using a two-bit 
code to precede the four-bit binary words just 
discussed, the ten decimal numbers, the alphabet, 
and several of the typewriter keyboard 
characters can be encoded. Table 13-3 shows 
how this is accomplished. (NOTE: This table 
is taken from Basics of Digital Computers by 
John S. Murphy. Copyright 1958, John F. Rider 
Publisher, Inc.) 

The binary WORD is composed of an arrange¬ 
ment of binary BITS. Thus, in the table, 0 00 0100 
is a binary WORD representing (1) the decimal 
number 1 in the Excess-3 coding system (2)two 
additional bits for the identification code, and 
(3) one more bit for a check pulse. Reading 
from right to left the word is interpreted as 
follows: The four-bit group (0100) is a binary 
1 with a binary 3 added to it to utilize the 
Excess-3 code; the two-bit group (00) is used 
to designate the four-bit group as a numeral 
rather than a letter or character; and the one- 
bit check pulse (0) is used to make the number 
of pulses (l’s) in the word an odd number. 
Considering that 1 and 0 means PULSE or 
NO-PULSE the check pulse is added to every 
word that contains an even number of pulses, 
and omitted from those words that contain an 
odd number of pulses. In this manner the 
number of pulses (l’s)per word is always odd, 
and the computer can check itself for error. 
Should a stray noise pulse creep into the cal¬ 
culations, the number of pulses in a word would 
be even; or, if a pulse were somehow lost from 
the word sequence, the number of pulses would 
be even. In either event the computer would 
register an error for that calculation. 

Note in the other columns of table 13-3 that 
the basic arrangement of the four-bit group is 
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Table 13-3.-Typical Excess-3 coding arrangement. 


0 = 
1 = 
2 = 
3 = 


6 = 1 

7 = 

8 = 


1 00 0000 



0 

01 

0000 

0 

10 0000 



1 11.0000 

0 00 0001 

» 

= 

1 

01 

0001 

1 

10 0001 



0 11 0001 

0 00 0010 

# 

= 

1 

01 

0010 

1 

10 0010 



0 11 0010 

1 00 0011 

; 

= 

0 

01 

0011 

/ = 0 

10 0011 



1 11 0011 

0 00 0100 

A 

= 

1 

01 

0100 

J = 1 

10 0100 

+ 

= 

0 11 0100 

1 00 0101 

B 

= 

0 

01 

0101 

K= 0 

10 0101 

s 

= 

1 11 0101 

1 00 0110 

c 

= 

0 

01 

0110 

L= 0 

10 0110 

T 

= 

1 11 0110 

0 00 0111 

D 

= 

1 

01 

0111 

M = 1 

10 0111 

u 

= 

0 11 0111 

0 00 1000 

E 

= 

1 

01 

1000 

N = 1 

10 1000 

V 

= 

0 11 1000 

1 00 1001 

F 

= 

0 

01 

1001 

o= 0 

10 1001 

w 

= 

1 11 1001 

1 00 1010 

G 

= 

0 

01 

1010 

P = 0 

10 1010 

X 

= 

1 11 1010 

0 00 1011 

H 

= 

1 

01 

1011 

Q = 1 

10 1011 

Y 

= 

0 11 ion 

1 00 1100 

I 

= 

0 

01 

1100 

R = 0 

10 1100 

z 

= 

1 11 1100 

0 00 1101 



1 

01 

1101 

1 

10 1101 



0 11 1101 

0 00 1110 



1 

01 

1110 

1 

10 1110 



0 n mo 

i oo mi 



0 

01 

ini 

0 

io mi 



i n mi 


repeated in each, but the two-bit code that 
precedes each four-bit group is different in 
each column. Choose a decimal number at 
random—say, the 7—and lay a ruler across all 
four columns. The binary 1010 is also the basic 
group designation for the letters G, P, and X; 
but the two-bit group preceding the four-bit 
group in each column identifies it as to its 
particular designation. 

Note also that typewriter characters are 
identified in a similar manner. In airborne 
digital computers the coding will designate 
those quantities or data that are involved in 
the specific problem for which the computer 
is used. 

Another feature of the coding arrangement of 
table 13-3 is that each successive decimal 
number and alphabetical letter is coded to be 
one binary number higher than the one that 
precedes it. This allows for easy sequential 
arrangement of operations by the computer. 

Those words in the table that are not shown 
as being used (top and bottom of the columns) 
will be utilized for control functions within 
the computer system. 


FUNCTIONS OF ELEMENTS 

In the introductory passages of this chapter 
certain terms and elements were mentioned 
without elaboration. Before proceeding further 
it will be beneficial to clarify some of 5 om 
terms and elements as to their positions in the 
computer, their functions, and, in some cases 
the time elements involved. ’ 


You know that the language of airborne 
computers is binary arithmetic. Now adjust to 
the thought that binary arithmetic is only 
convenient means of encoding numbers, > 
and characters; and that binary arithme c, 
sisting of l's and O’s, is an excellen me 
of saying PULSE or NO-PUIiSE. The computer, 
when reading input data and performing 
operations, is concerned only with the arrang 
ment of pulses of voltage (or curren )• 
the method that designers have emp y 

cause the computer to perform predetermiMj 

operations, and also the method by 
computer performs those operations. 

The storage or memory unit, the ^Sveral 
the computer, can have any one )Oi ^ 

forms. In airborne computers the ^ 

is often a magnetic drum (fig. « v linder 

The magnetic drum is an alumin _ 
coated with a magnetic material. It r0 . ^ 
fast under a series of HEADS. These ^ 
used to magnetize spots along the s . ^ 
data is fed into the computer, ana JL-jir 
data as magnetized spots cause apul 
in their outputs. This action is very am 
the tape or wire recorder except tha ^ 
of the revolving drum that passes do j 
head can be thought of as a ring 
magnetic tape. In airborne computer ^ 
be as many as 250 pickup heads sp ^ 
the length of a drum, but the averag ^ ^ 
computer will normally employ le ic j er edtf 
number. Each pickup head can be co ^ ^ 
a channel of the rotating drum, 
placed into the channels by a program 
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The rotating drum is the memory unit of the 
! airborne computer in which it is used. When a 
problem is to be fed to the computer, pertinent 
data (informational and instructional) is fed to 
the various heads, recorded on the magnetic 
drum, and held there in readiness for the time 
when the computer is instructed to perform the 
operations for which that information is needed. 
The magnetic drum’s physical dimensions will 
vary with the type of computer, but a drum 5 
inches in diameter and 14 inches in length 
would be representative for an airborne com¬ 
puter. Along this drum there may be placed as 
many as 150 (or more) pickup heads. 

The rotating disk used with some airborne 
computers is becoming more and more popular. 
Its function is the same as the magnetic drum, 
but its surface is flat like a phonograph record, 
instead of cylindrical like the magnetic drum. 


OPERATION OF THE MEMORY DRUM 

Since the computer has a magnetic memory 
unit that moves under heads, the information 
stored in the various channels can be changed 


as an operation progresses. That is, during the 
time that a problem is being solved—such as 
the bomb release point-some of the items of 
data will be varying and must be changed as 
the problem progresses. The heads of pertinent 
channels will be used to erase and rewrite 
information in those channels as required. To 
see how this is done, it is necessary to 
describe more fully the method employed in 
storing information on the drum. 

Figure 13-4 shows how the channels appear 
on the magnetic drum. In order to place the 
maximum number of heads over the drum, the 
heads are staggered in position. The drum, 
made of aluminum with a coating of magnetic 
material, rotates at a fast speed, with a nominal 
spacing of 0.002 inch between it and the heads. 
Each channel on the drum will accommodate 
about eighty bits per inch. A bit, you will recall, 
is a binary 1 or 0. A drum 5 inches in diameter 
will have a circumference of about 15.7 inches, 
and will store 1,256 bits per channel. If 150 
channels are used, a total of over 188,000 bits 
may be stored on the drum. If the drum rotates 
at 3,600 r.p.m., each bit will pass under its 
respective channel head every 17 milliseconds. 
This is called access time, or the maximum 
time between readings of any one bit. 

Each channel on the drum is identified, and 
each place (address) of abitor word is identified. 
The channel may be thought of as resembling a 
motion picture film, with block separations to 
locate a specific word or bit. The address of a 
specific binary word is identified as to its 
channel, block, and location within the block. 
The blocks will, of course, be very small as 
compared to the motion picture film. 

The first three channels of the drum (some¬ 
times more) are used as control, or clock, 
channels. Usually the first channel will contain 
a timing pulse that synchronizes the actions of 
the other channels. In this manner all the data 
on all the channels is in synchronism with the 
timing pulse; and if the drum varies in speed, 
every calculation or other operation of the 
computer varies accordingly. Because of this 
feature, drum rotation speed is not critical. 

Many binary digits (bits) are recorded in 
each block on each channel of the drum, and 
since the bits pass under the head one at a time 
some means of identifying the start of a word 
must be provided. It would be useless to begin 
reading a word in the middle of that word. The 
first channels of the drum have magnetized 
sectors that provide for positive location of a 
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word or digit within a word. These sectors 
usually contain pulses for timing, location of 
words or word groups, word separation, and 
bits within a word. 

Information and instructions are placed into 
the various channels of the drum by a person 
who is known as the programer. It is the job of 
the programer to determine exactly the opera¬ 
tions the computer is to perform, the exact 
sequence of those operations, and to prepare a 
program for the computer to follow. 


PROGRAMING 

When a special-purpose computer is to solve 
a problem, it must be given sufficient pertinent 
data with which to work. In an airborne computer 
pertinent data and instructions are programed on 
the magnetic drum. Such data will at times be 
specific information, such as a number that 
represents some item of data, and at other times 
will be a number that represents an instruction. 
For instance, the program may instruct the 
computer to carry out a sequence of operations 
as follows: (1) select a specific item from a 
specific location of a channel and transfer it to 
the arithmetic unit, (2) select another item from 
some other channel and transfer it to the arith¬ 
metic unit, (3) compare the two numbers, (4) 
place the larger of the two numbers in a 
specified address on a specified channel. 

The program portion just described is a 
simple example used to show how a programer 
TALKS to a computer. The programer may not 
be concerned with the actual answer to the 
problem, but only that an answer will be pro¬ 
duced and that it will be placed in the memory 
unit at a specified address. The computer may 
be instructed to perform the same operation 
over and over, and if any of the data changes 
the solution will also change. The solution to 
this problem will probably be used in other 
calculations required in the overall operation. 

The programer for a computer does not 
necessarily need to know the mechanical or 
electronic theory of a computer, but he does 
need to know its maximum capabilities. The 
number of words per block, number of bits per 
word, number of channels, and access time are 
some of the items of information that the 
programer must know. One computer may be 
designed to accept words of no more than eight 
bits in length, while others are designed to 
accept more or less bits per word. 


While the programer may not know the theory 
of computer circuits sufficiently to maintain 
the equipment, he will have a general working 
knowledge of computer methods and systems, 
The circuits employ storage units that maybe 
magnetic strips on a drum, as just described, 
or they may be ferrite cores that operate 
the same principle as magnetic amplifiers. The 
switching or routing system of signals in com¬ 
puters can be compared to a huge railroad yard 
where many trains are being routed through a 
maze of tracks. All the trains are controlled 
from a central point and move as directed by 
the controller. 

A train is formed by directing an engine to 

move through the maze of tracks in the yar, 
picking up one or more -cars at designated 
points. The completed train then moves out o 
the yard as an integral unit. The paths foil 0 
in forming the train were predetermined and 
directed in sequence by the controller.m 
similarity, the control unit of a computer 
be the controlling device that does the swU* 
and the courses taken by the binary b 
resemble the tracks of the yard, to e 
of the computer, the completed da 
analogous to the train. 


GATING CIRCUITS 

Some of the special circuits used to com 
puters have peculiar sounding names an 
called logical circuits. Three circ 
extensively are: (1) the logical AND c ’ 
(2) the logical OR circuit, and (3) an‘ 
circuit. Usually the “logical" is d ^ p d qR 
they are referred to simply as A j 

circuits. These special circuits canbei c p ^ 
in their methods of operation to ^ 

parallel switches. In a two-switch ser e ^ 
No. 1 switch AND NO. 2 switch must be 
in order for current to flow; wml if No.l 
switch parallel circuit current will i 

OR No. 2 switch is closed. oa rlierar« 

The two-state devices mentione ^ 

the gates in computers. They may or 

tubes or solid-state devices like tr ^ 

crystal diodes. By opening soro ® ® do ver* 
closing others, a signal may be r de , 
predetermined course. The contro ^ 

termines how the gates are to be ° pe ira)U t data, 
it receives its instructions from the , by 
The input data, of course, is determin 
the programer. 
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Figure 13-5. —Gating circuits. 


Figure 13-5 shows the arrangements for the 
two most common computer gating circuits. 
Vacuum tubes are used here, but any of the 
solid state devices mentioned earlier could be 
used. Part (A) shows an AND circuit; an input 
to one grid AND an input to the other grid is 
the necessary condition for tube conduction. 
When the tube conducts, its output is a negative 
pulse that may represent a 0; when not con¬ 
ducting, its output is a positive voltage or 
pulse that may represent a 1. 

Part (B) shows an OR circuit. An input pulse 
applied to input No. 1 OR No. 2 will give a pulse 
(a 1) in the output. (Depending on design, the 
conducting state may represent a 1, and the 
nonconducting state a 0.) 

In large computers literally thousands of the 
AND and OR circuits are used in the routing 
of data through the computer. By proper arrange¬ 
ment of the switching devices (closing and 
opening gates), the computer moves information 
in much the same manner as the train moved 
through the railroad yard described earlier. 
When a word is to be removed from an address 
in the memory unit and sent to the arithmetic 
unit, a path must be provided. Likewise, paths 
within the arithmetic unit itself are necessary, 
and finally, a path back to the memory unit and 
ultimately to the output unit is necessary. These 
paths, determined by the numerous gates, are 
built into the computer and operate automatically 
as the control unit directs an operation. The 
programer does not necessarily need to know 
the switching operations necessary for the 
computer to carry out an instruction; he simply 
Instructs the computer as to what operations 
to perform, and the switching is done auto¬ 
matically. 


AND CIRCUITS 

An AND circuit using crystal diodes is 
shown in figure 13-6. Each diode is biased to 
cause maximum current flow when no signal is 
applied. Current flow is against the arrow. 

Current flow from either diode through the 
load resistor will drop virtually all of the B+ 
voltage across the load resistor. Since the 
diodes have a very low resistance in the for¬ 
ward direction, the negative voltage on their 
cathodes appears as the output. This condition 
may represent a 0 in the output. Even if a 
positive pulse is applied to one of the inputs 
(No. 1 in the figure), the output is still 0, since 
it is connected to the negative voltage through 
the other diode. However, if pulses are applied 
to both inputs simultaneously they overcome 
the negative bias on both diodes, stop current 
flow through the load, and the output rises to 
B+ (a 1). The AND circuit is sometimes re¬ 
ferred to as a coincidence circuit. The dotted 
lines in the figure show that any number of 
diodes may be connected in parallel in such 
a manner that all inputs must have a pulse 
applied simultaneously in order to change the 
output from 0 to 1. As soon as the pulses at 
the input are removed, the output returns to 0. 



Figure 13-6.—AND circuit, using diodes. 
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In figure 13-7 transistors are used in cascade 
to provide an AND circuit. In the cascade 
arrangement the emitter of one transistor is 
connected to the collector of the next in line, 
in the same manner that the plate of one tube 
is connected to the cathode of the following tube 
in a vacuum tube cascade arrangement. The 
circuit, with no signal applied, has no current 
flow through the load resistor, and the output 
is the B+ (shown as negative polarity) which 
may represent a 0. In order to procure an 
output, all three transistor bases must have a 
negative voltage applied simultaneously, which 
permits current flow through the series- 
connected transistors. Current flow will drop 
most of the B+ across the load resistor, causing 
the output to rise from a negative value toward 
ground potential. Thus, a positive output is 
obtained (a 1). Should only two of the transistors 
have a negative pulse applied, the remaining 
one would still have sufficient resistance to 
prevent any appreciable current flow, and the 
output would still be negative B+. (The B+ 
voltage in this case may be only 1.5 volts.) 



Figure 13-7. —AND circuit using tran¬ 
sistors in cascade. 


Figure 13-8 shows a method of gating by 
employing a steady-state d-c voltage to one 
input of an AND circuit. Gating in computers, 
as elsewhere in electronics, is a term used to 
describe the action of a circuit that permits a 
signal to go through the circuit-gate open-or 
blocks the signal—gate closed. 


When VI is conducting, as in (A), its plat 
voltage is low. Since the AND circuit require 
a voltage on each of its inputs in order to ope 
the gate, there is no output. However, when V 
is conducting, as in (B), and VI is cut off VI' 
plate voltage rises to B+, and the AND circu 
has that plate voltage applied to one of il 
inputs. In this condition, when pulses are applie 
to the other input of the AND circuit the gal 




(A) Vi CONDUCTING 



(B) V 2 CONDUCTING 

Figure 13-8. -Gating AND circuit with 
flip-flop. 

is opened. In this manner a binary ^ 
may be blocked or entered into the ANDc 
dependent upon the state of the flip- °P* ^ 

The flip-flop in figure 13-8 wm . 

adaptation of the Eccles-Jordan p a®“ 
multivibrator. Several types of flip- °P ( 0 
state multivibrators are used in co P 
act as switching circuits. They are 
tensively in combination with othergj 
route signals and to act as counter • ,, 
be so designed that one tube will c jr 
conduct until a pulse is applied t ° 2W 
conducting action to the other tube. . - to the 
a pulse is applied to a flip-flop 1 , 
opposite condition and remains un 
pulse arrives. Thus, in one state its owp , 
represent a 1, and in the other state the 
will be a 0, as described in figure - • t 
For simplicity the flip-flop s ,„ torS are 
figure uses vacuum tubes, but tran 
used almost universally in computer . 


OR CIRCUITS 

One type of OR circuit is s Jj2^!!i r ruit ju^ 
13-5. The OR circuit, like the AND ^g, 
described, finds wide application m c 
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NO. I 



.(B) OR CIRCUIT USING TRANSISTORS 

Figure 13-9.—OR circuits. 



[t is used where it is necessary for an output 
o be produced when any of the inputs have a 
>ulse applied. Figure 13-9 shows two OR cir¬ 
cuits; one uses diodes and the other uses 
ransistors. In (A), when a signal is applied to 
ither or both diodes, current is drawn up 
hrough the load resistor and an output is 
Toduced. The output is a positive voltage rise 
rom the negative battery voltage toward ground 
otential. When no pulse is applied to either 
iput, there is no current flow; but a pulse 
pplied to either of the inputs causes sufficient 
urrent flow to produce an output. 

Figure 13-9 (B) shows how transistors may 
3 connected in parallel to form an OR circuit, 
utput is produced when one or more inputs 
ive a pulse applied. The inputs to an OR 
rcuit are the converging point of two or more 
rcuits, and the signals or pulse trains from 
ose circuits may be combined or added into 
le pulse train in the OR circuit. 


INHIBITOR CIRCUIT 

Figure 13-10 shows a special-purpose cir- 
it known as an inhibitor circuit. The inhibitor 
rcuit consists of an AND circuit and a NOT 


circuit, and its function is to inhibit or prohibit 
an output when the triode circuit furnishes a 
NOT pulse (inhibiting pulse) to the AND circuit. 
The NOT circuit is a phase inverter in which a 
positive pulse (a 1) at the grid appears as a 
negative pulse (a 0) at its plate; and a negative 
pulse at the grid becomes a positive pulse at 
the plate. Thus, any signal on the grid is inverted 
at the plate. The AND circuit is the same as 



Figure 13-10. —Inhibitor circuit. 
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described previously, except that it works in 
conjunction with the NOT circuit. Although only 
one input for each circuit is shown, more could 
be employed. 

The diode between the AND suppressor grid 
and the NOT plate serves to block B+ from the 
suppressor which is at cathode potential. The 
grid is biased to cutoff. With this arrangement 
there can be no output from the inhibitor unless 
a pulse is applied to No. 1 input. When a positive 
pulse is applied to the control grid, the tube 
conducts and an output occurs. A positive pulse 
applied to input No. 2 in the absence of a pulse 
at input No. 1 will not cause an output because 
(1) the pentode is held at cutoff by its grid, and 
, (2) the inverted NOT pulse would appear as a 
negative pulse on the suppressor. Also, if pulses 
are applied to both inputs simultaneously, no 
output will occur because the negative pulse on 
the suppressor will overcome the effect of the 
positive pulse on the grid and prevent conduction. 

The abbreviated schematics in the figures 
showing AND, OR, and INHIBITOR circuits do 
not show any components except those necessary 
to convey the principle of operation. Many 
parts, such as plate and screen bypass capaci¬ 
tors, have been omitted. Also, in figure 13-10, 
the output of the pentode is not shown connected 
to any following circuit, and its output pulse 
would be negative if the grid pulse were posi¬ 
tive as shown. This would normally be followed 
by a phase inverter circuit so that the positive 
pulse on the grid would appear as a positive 
pulse in the final output. 


ADDERS 

The circuits shown thus far as indivic 
circuits are all combined in the computei 
operate as an integrated system. Each cir< 
on a schematic is normally shown in syn 
forrn. As yet there is no standard systen 
symbols for computer block diagrams 
symbols taught in the Aviation Electror 
School in Memphis, Tennessee, are the n 
given here. In the inhibitor circuit, note i 
one of the inputs is terminated in a dot inst 
of an arrowhead. This symbol indicates 
inhibitor pulses are applied to the circuit. 

Adders in digital computers use combi 
tions of AND, OR and NOT (inhibitor) cTc 
to perform the functions of addition. Whenadr 
numbers, it is often necessary to carp 
number to the next column. 


1 

<A 
+18 
42 

In the illustration, 8 + 4 = 12 with the 1 (en» 
circled) carried to the next column. It is the 
carry function of arithmetic that necessitates 
complex circuits in computers. Were carries 
not necessary, a simple OR circuit could easily 
add numbers, for it has an output whenever 
pulses appear at either or both inputs. 


AND CIRCUIT 


=fHb =0 

OR CIRCUIT INHIBITOR CIRCUIT 


Figure 13-11. —Circuit symbols. 


Pulses that form a binary word appear as 
:rain of pulses with spaces to indicate zeroes 
rhus in figure 13-12, the pulse train in W 
*epresents the binary digits in (B). In an a > 
his pulse train applied to one input 
idded to a pulse train applied to another np> 
is in figure 13-13. In this illustration^ adder, 
m OR circuit, has faithfully produced an‘ 0Ul P 
>ulse for each pulse at both inputs— 
)utput answer is not the correct sum ® 
nput binary words. The pulse train at inp 
l is binary 101101, which is 45 to 
lotation; and at input No. 2 the binary 
lecimal 19. Adding 45 + 19 = 64, which 
ippear as binary 1000000 in the out*) * . 
irror is caused by the fact that tm 
idder cannot “carry” a digit. Other rtdde the 
nust be used with the OR circuit to 
neans of CARRYING in addition and Bun 

NG in subtraction. 


(A) 


(B) 



0 


0 


Figure 13-12. -Pulse train and binary 

equivalent. 
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jnjmnjiTL. 



Figure 13-13. —OR adder with no carry. 

One of the circuits that must be discussed 
in connection with adders is the delay circuit. 
The delay circuit functions much like a con¬ 
ventional delay line. It delays a pulse train for 
the duration of one pulse—that is, all the pulses 
in the train are moved one place to the left. 
Thus, the binary 001 applied to a delay circuit 
becomes 010 in its output. The delay circuit 
permits the carry function of arithmetic in 
adders. It will be combined with a combination 
of OR, AND, and NOT circuits to make up a 
full-adder circuit. A full-adder consists of two 
half-adders and a delay line. A half-adder is 
shown in figure 13-14. 



Figure 13-14. -Half-adder block 
diagram. 

Note that a half-adder is made up of the 
circuits recently discussed. In schematic pres¬ 
entation the half-adder would appear as one 
block, and it would be understood to contain the 
circuits shown in figure 13-14. Such a circuit 
(the half-adder) is seldom used alone, but is 
combined with another half-adder and a delay 
line to form a full-adder, as will shortly be 
shown. 

In the half-adder, the binary digits 010 are 
applied to input No. 1, and digits 101 are applied 
to No. 2 input. In decimal notation, 010 = 2 and 
101 = 5. 5 + 2 = 7, so the binary output from 
the half-adder should be 111 (7 in decimal form). 
Recall that an OR circuit gives an output pulse 
whenever one or more of its inputs have a pulse 


applied. Note that No. 1 and No. 2 inputs have 
their respective binary digits applied at the 
same time—that is, the first digit applied to 
No. 1 is a 0, and the first digit into No. 2 is a 1, 
both digits being applied simultaneously. The 
next two digits into the OR circuit are a 1 at 
No. 1 input and a 0 at No. 2. Each time the OR 
circuit experiences a 1 at either of its inputs, 
its output is a 1. The OR circuit adds as follows: 

010 

101 

111 

111 is the true sum of the two inputs. 

In this case no carry was necessary, but the 
AND circuit is provided to furnish a carry when 
necessary. As will be shown later, the AND 
circuit must be combined with a delay line in 
order to function properly. The AND circuit in 
figure 13-14 experiences the same two inputs 
as the OR circuit; however, in an AND circuit 
BOTH inputs must experience a pulse simul¬ 
taneously in order to produce an output. Since 
this does not happen in this case, the AND 
circuit's output is 000, or, there is no inhibiting 
pulse applied to the inhibitor. Thus, the 111 
output from the OR circuit produces a 111 in 
the inhibitor's output. 

Figure 13-15 shows why the half-adder will 
not perform properly by itself. The circuit is 
the same as figure 13-14, except that the input 
digits to be added are different. Now, both 



Figure 13-15. -Half-adder with a carry. 

inputs to the AND circuit experience a 1 simul¬ 
taneously with the first digit applied, and an 
inhibiting pulse is produced. At the inhibitor's 
input the inhibiting pulse from the AND circuit 
prevents an output when the first 1 digit from 
the OR circuit is applied, and the half-adder's 
output is not a correct total of the two binary 
inputs (001 and 101). 
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Binary addition is performed in this manner 
when a carry is involved. In the first column a 
1 is to be added to a 1—the sum is 0 with a 1 
carry. The 1 carry is shown encircled over the 
second column; adding the 1 carry to the two 
0 s in the second column produces a sum of 1 
with no carry; in the third column a 1 added to 
a 0 produces a sum of 1. Then, 110 is the correct 
sum of the two inputs to the half-adder; but 
because the inhibiting pulse of the carry is in 
the first place instead of the second place, a 
false sum of 100 is produced. Another half¬ 
adder and a delay line that shifts its input 
digits one place to the left will correct this 
situation. Note in figure 13-15 that two outputs 
are produced from the half-adder-one is a 
false sum and the other is the carry. Figure 

with a U H h i ZeS i theSe tW ° out P uts ^ combination 
completea^full-addeT •* “ COnd to 

The first and second half-adders in the 
figure are identical and contain the circuits 
shown ,n figure 13-14. Figure 13-16 shows the 
half-adders as blocks combined with a delav 

from t'lfV'fV 1 ?. delay Ilne shifts the carry 

beerT carried't 0 ‘°he‘ her ‘V” 6 ^ columnWhaa 
h^-adder ha 100 ^WasTs ^ 
adds them to total TlO.^his isIheTue ““ 
of the inputs to the first half-adder SUm 

Note in figure 13-16 that a dotted n no i 
the second half-adder and enters the dPi* le f VeS 
This is a carry recirculation 
tration of the carry function ^ llIus - 

one carry was neJes^^tX?£ 

false TOTAL from 

FIRST HALF-ADDER 


001 ( l-1 

- - ^100 r - - - —. 1 

101 

r mai 

+ HALF-ADDER 

SECOND - 12 -V 

L 010 HALF-ADDER 



| \-T"*"] 


CARRY FROM 
FIRST 

HALF-ADDER 


carry digits may be developed when adding 
columns of binary words of varying length. The 
dotted line shows that the carry number maybe 
recirculated any number of times, each time 
moving the carry pulse one place to the left. 


SUBTRACTING IN COMPUTERS 

Subtraction in computers isperformedby 
employing the same circuits that have been 
discussed; namely adders, inhibitors, and delay 
lines. They are not connected the same as when 
used in adders; however, each circuit perforins 
its operation in exactly the manner that has 
been described. 

Figure 13-17 shows the'basic subtractor 
circuit. It is shown only for the purpose of 
showing subtraction principle; this circuit must 
be combined with adders and delay lines in 
order to function as a subtractor and give true 
answers. In (A) the inhibitor produces a true 
remainder because no "borrow" was necessary. 


INPUT 
NO. 1 

MINUEND 

101 . 


INPUT 

SUBTRAHEND 

- v ► 
ooi c 

INHIBITING 

CIRCUIT 

N0.2 

iNHIBITING 

INPUT 


(A) 

INPUT 
NO. 1 

MINUEND 



INPUT 
NO. 2 

SUBTRAHEND 

101 ^ 

Oil 

-6 

INHIBITING 

CIRCUIT 



(B) 



Figure 13-16.-Full-adder. 


Figure 13-17.-Basic subtractor. 

In (B) however, the remainder is false because 
the basic circuit cannot perform the borr 
function. 

The subtracting circuit infigure 13-18S ow 
the arrangement necessary to perform a borr 
function. In the following explanation it is a® 
essary to refer to the inhibitors by numne • 
Should you lose the train of thought sequence 
niay be necessary to reread the entire 
planation. 0l 

In this circuit it is desired to subtrac 
from 10. At I No. 1 the inhibiting pulse in 
subtrahend arrives when there is no p 
the minuend to inhibit, so the 10 passes 
the inhibitor to the adder. I No. 2 has the 
inputs applied, except that they are revers 
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Figure 13-18.—Subtractor that borrows. 


j so that the minuend (10) becomes the inhibiting 
: input. Here again, the inhibiting pulse arrives 
when there is no input pulse to inhibit, so the 
: 01 input at I No. 2 is passed through and 
appears at two places—the delay line and the 
adder. At the adder, the two inputs are added 
to produce 11 at the input to I No. 3. I No. 3 
also has an inhibitory pulse applied from the 
delay line which has been shifted one place to 
the left to become 10. This time the inhibiting 
pulse at I No. 3 inhibits the second pulse of the 
input to produce 01 at the output of I No. 3. 
This is a true remainder. By shifting the output 
of I No. 2 one place to the left, a borrow function 
was effectively performed. 

The circuit just described is capable of 
performing only one borrow function. For sub¬ 
traction involving multiple functions of borrow, 
additional adders and delay circuits are in¬ 
corporated. 


COUNTING BY FLIP-FLOP 

The modified Eccles-Jordan multivibrator 
mentioned earlier is the circuit used, in con¬ 
junction with other circuits, for counting. It is 
a two-state oscillator that remains in either of 
its two conditions until a pulse is received to 
flip it to the opposite condition. The output, if 
taken from the plate of one vacuum tube, will 
be a positive voltage representing a 1 in one 
condition and a low voltage-representing a 0 in 
the opposite condition. Each pulse input to the 
stage will flip it to the opposite condition, so 
two pulses are required at the input to produce 
one pulse at the output. 


The simplified flip-flops in figure 13-19 are 
arranged to show the basic arrangement of 
counters. Should you require a refresher on the 
theory of the plate-coupled multivibrator, refer 
to the appropriate chapter in this course. 

Counting by flip-flop is possible because of 
the characteristic that requires two pulses in 
to produce one pulse out. In the figure, note that 
the input to the counter chain is on the right 
side of the figure. This arrangement is used 
because the indicator lamps of each stage will 
be read as binary numbers, with the first stage 
lamp indicating a decimal 1, the second stage 
lamp indicating a 2, and subsequent stages 
indicating 4, 8, 16, and so forth. If the lamp in 
the second stage is lighted and the lamp in the 
first stage is not lighted, the binary indication 
is 10, or decimal 2. If both lamps are lighted 
the binary number is 11, or decimal 3. Additional 
stages are necessary to count a higher number 
than three, and each of these additional stages 
from the input represents a binary power of 
two in the same manner as places to the left of 
the binary point as described under binary 
arithmetic. 

Note also that the grid of each tube labeled 
V2 has a reset provision with a positive voltage 
that is applied by closing the switch. Before any 
counting is begun, all the V2 tubes in the chain 
are caused to conduct by a momentary closing 
of the reset switch, and all indicator lamps 
register 0. This is the reset condition. 

The grids of both tubes in each stage are 
jumped together so that any negative signal 
applied appears on both grids simultaneously. 
The diodes in the grid inputs prevent a positive 
signal from reaching the grids. They respond 
only to negative pulses. 
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2ND STAGE 


1ST STAGE 


TO 

SUBSEQUENT 

STAGES 




NO.2 
COUN¬ 
INDICATOR 
LAMP ^ 


/ RESET 

l 


NQI 

COUNT / 
INDICATOR (• 
LAMP \ 


/ RESET 

l 


Figure 13-19.—Basic counter. 


that all to ^ ClrCUit haS been reset SO 

thf ‘l?* 8 are conducting. In this state 

lamn anH 18 ‘°° ’° W t0 h K ht the neon 

lamp, and all lamps register 0. The first 

negative pulse applied to the inputs of VI and 

V flips the circuit to the opposite condition- 

VI now conducts, V2 cuts off, and its plate 
voltage rises and lights the lamp to indicate 1 
The positive rise of voltage is canacitivelv 
coupled to the second stage, but the diodes 
prevent the positive pulse from having anv 

th? C L5 e ^ tW ° indicator ^mps after 

hiLrv ni PUlSG • has a PPlied produces 

binary 01, meaning a count of one. The second 
negative pulse that arrives cause* iL £ * 
stage to flop back to the reset state-^vi 
off; V2 goes into conduction i s nl.tl \f UtS 
drops, its lamp goes out; and’the negaUvIpulle 
is coupled to the second stage This 
pulse flips stage No. 2 to its oppose 
lights its lamp, indicating a 2 The lamnl d 
register binary 10, which isJ C im a * 2 ? nT 

that two pulses were required at the inpuT o 
produce one pulse out. input to 

In late-model computers the flin fi n ~ ,>• 
cults use transistors, and a long Chain'S 2“Z 
stages can be built into a small JL f | uch 
additional stage makes provision for a'hilher 


counting capability. Each succeeding scale-of- 
two circuit, as the flip-flop is sometimes calle, 

1 'counts'' in the same manner. Each flip-Jj°P 
in the figure actually divides by two, or scales 
by two. Each additional stage also divides oy 
two; a two-stage flip-flop as shown in 
figure divides by four; a three-stage urn 
divide by eight; a four-stage unit will divi e 
16, and so ‘forth. Thus, a counter is a divi 
as well. 

FERRITE CORE MEMORY ELEMENT 

The magnetic drum has already been men 
tioned as a memory element. The m a &n 
drum in airborne computers is normally P ^ 
grammed for one specific problem, ana 
"cleared” of data after the problem is f 
and before the next problem is begun. , 
problem requires that new data be progra 
into the drum. . f r jt e 

Another type of memory device istfte ., { 0 
core.. Its principle of operation is si H d 
magnetic amplifiers in that it is m ^ n tlon 
with a polarity corresponding to the cur 
of the magnetizing force. This princip 
the hysteresis loop produced by magne 
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are covered in AT 3 & 2, NavPers 10317-A. In 
essence, a magnetizing force applied in one 
direction magnetizes the ferrite core with a 
polarity that represents a binary 1, and when 
applied in the opposite direction causes the 
opposite polarity which represents a 0. 

The ferrite core is a very small ring of 
magnetic material. Its outer diameter may be 
no more than 0.08 inch, and its inner diameter 
0.05 inch. 

Figure 13-20 is an enlarged drawing of a 
section of a ferrite core matrix. A matrix is 
made up of many ferrite cores—from a hundred 
"to several thousand, depending on the computer— 
and connected as shown in the figure. They are 
arranged in a flat panel inside a frame with the 
wires leading out for easy attachment. The 
arithmetic and memory units of a general- 
purpose digital computer will have many of these 
matrices, perhaps fifty. Each core is capable of 
storing only one "bit” or digit, so a matrix of 



Figure 13-20.—Ferrite core memory 
section. 


250 cores will store only 250 bits. Multiplying 
the number of matrices by the number of cores 
per matrix gives the number of bits the computer 
can handle. 

In figure 13-20 two wires cross at right 
angles in each core. In application, these wires 
are two windings around the toroidal core and 
are not connected. A third wire runs through 
each core and is common to all cores. This is 
the readout line. Each core has three windings 
on it—the two, already mentioned and the 
readout or "sense” winding. These sense wind¬ 
ing senses any change that occurs in a core. 
The wires that cross at right angles are used 
to magnetize the core, a current in both wires 
being necessary to cause magnetization. In this 
manner each horizontal wire and each vertical 
wire intersects an entire string of cores. The 
only core affected, however, is the core at the 
intersection of both wires that have pulses 
applied. As an example, locate the junction of 
B and 2. If both B and 2 have pulses applied 
only core No. 6 will be affected, because the 
magnetizing force of only one wire is not 
sufficient to cause the magnetization of the other 
cores to flip to the opposite state. This is the 
system by which ferrite memory cores are 
magnetized and demagnetized. When the core is 
caused to flip from one state to the other, the 
polarity of the pulse picked up by the sense wire 
is indicative of the binary 1 or 0 that was 
stored in it. When the core is "read,” the 
binary bit that it held is lost. If it is desirable 
to keep the bit in the core after readout, it is 
necessary to recirculate that bit and reapply 
it to the core. 

Other types of storage devices are used in 
computers, such as the sonic delay line and 
electrostatic storage units, but the ones of 
paramount interest to the AT at this time are 
the magnetic drum, the magnetic disk, and the 
ferrite core. 


THE ACCUMULATOR 

The accumulator of a computer is the unit 
in which mathematical operations are per¬ 
formed. Basically, it consists of a memory 
section called a register, and an adder. The 
register is a group of flip-flop and memory 
elements that route and store data. The adder 
has been explained previously. The A-register 
performs the function of two registers; it stores 
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the sum of an addition operation, and furnishes 
the augend to the adder. (See fig. 13-21.) 

If the A-register (accumulator register) 
holds a number, say 4, and it is to be added to 
another number, say 3, then both the 4 from the 
A-register and the 3 from the addend register 
are sent to the adder. The sum of the addition, 
a 7, is sent to the A-register and remains until 
more data is to be added to it. The A-register 
accumulates data for arithmetic operations. 


AVIATION ELECTRONICS TECH NICIAN 1 & C 

The problem to be solved is: 


INFORMATION 
FROM MEMORY 



Figure 13-21. -The accumulator. 


the program 

When the pr0 ^ rTms tte'sequenc ! ol opera- 
mputer, he Programs ble? . 

,ns necessary tor «■“ bui ] t into the 

in y automatic ™ K counting, arith- 

mputer, such as switching^ 

3 tic operations, ^ arithme tic employed by 

orial mechan lCS ^ se t up m such a 

mputers- A progr«“' “£» is given a coded 

®„ er that each opera mer me rely 

“ b er designation,^and f e JJ tTUctions tothe 

uS ore required for . et e p requires an 

eP simple problem and t ^ c gteps is coded with 

25* the tW - l-r-SS 

of the information 

‘“^ted in calculation- 


(2 x 3)-Jl+i) 
- 2 


This simple 
mentally in 


problem can easily be 
in a few seconds, and isMised to 

only to illustrate, the 

scr».~Sri i « 

ESS “ “‘s,St£^ 

memory positions at which the^ 

stored memory 2 (actor oil 

and memory positron 3 -position^ 


m wm ^ ~- 9 . 

+hP 3 factor in memory position 

may° r be” useftor' “or^e"^ 


may uc — tt 

progresses. a9 , Us t d, 

The program will be wr and their 
eight-digit numbers. The number 
coded meanings are: 


co: 


be ■ 


CODE NUMBER 

action indicated 

00010001 

££ «r rrs 

of the accumulator. 

01000002 

Multiply the con ^ t8 c0 j[eftt 

accumulator by the c o» 

of memory position • 

01010004 

s: 

00010003 

rrs 

the accumulator. 

00010002 



accumulator. 

01100000 

Change the sign - ’° r ‘ 

fnZ accumulator. 

00010004 

Add the contents of t 

?he S ac°c n umVator. 

00110001 

Divide the c °“ te "^ e «ori » 

SSSTp-S- 1 ’ a# 

Kead on, 

the accumulate 

01110000 
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CODE NUMBER ACTION INDICATED 

10000000 Stop machine. (NOTE: This 

instruction could direct the 
computer to solve the same 
problem again.) 

ANALOG-DIGITAL 

Some of the inputs to a digital computer will 
riginate in analog computers. The program just 
escribed employed a group of fixed quantities— 
, 3, and 1. Any or all of those quantities could 
e variable and could change from moment to 
loment. If they represented altitude, compass 
irection, and drift, they might very well change 
requently and require repeated solution by the 
omputer. During a flight, the three variables 
List mentioned will very probably originate in 
nalog computers. Since a digital computer only 
ccepts discrete quantities, the analog quantities 
lust be sent thr ough an analog-digital converter 
nd transformed into digital form before being 
pplied to the digital computer. Some of the 
hannels on the magnetic drum will have input 
rtres that connect to an analog-digital con- 
erter, and the quantities stored in those 
hannels will change very frequently. It is 
ecessary, therefore, for the computer to make 
ertain calculations over and over in order that 
le solution may at all times be current with 
hanging events, 

A simple problem with changing quantities 
ould be the question as to whether an airplane's 
emaining fuel is sufficient to allow it to reach 
given destination. Almost all factors of such a 


problem are variable—time, fuel quantity, air¬ 
speed, groundspeed, drift, altitude, and fuel 
consumption rate. The digital computer has 
inputs that originate at the various analog 
computers that measure the changing quantities. 
It also has a program outlined by which all the 
variables are considered in calculations that 
give a "yes" or "no" answer. The YES answer 
might cause a green indicator to light, and the 
NO to cause a red indicator to light. The com¬ 
puter, following the instructions of the program, 
constantly indicates whether the airplane can 
complete its mission on the remaining fuel. The 
necessary calculations for the entire problem 
will be continuingly repeated because the data 
for the variables will be constantly changing. 

It is often necessary for the digital output 
to be converted to analog quantities in order to 
actuate a servo or some other device of an 
analog nature. Again, a converter is used. 


DIGITAL COMPUTER APPLICATION 

Digital computers will find wide usage in 
Navy aircraft of the future. Some aircraft now 
operational and others that should be operational 
in the near future have them installed as integral 
parts of a computer system. Digital computers 
will be employed in the navigation-weapon 
delivery systems of the following aircraft: 
A3D-2, A3J-1, and A2F-1. For information 
concerning these equipments, consult the ap¬ 
propriate technical manual prepared for the 
system used in each aircraft. 


QUIZ 


1. What is the decimal representation of the 
binary number 10011001? 

a. 147 

b. 153 

c. 156 

d. 149 

-• The language of digital computers may be 
considered to be 

a. a system of numbers employed to 
represent information to be acted upon 
by the computer 

b. a special code that represents certain 
groups of pulses 

c. all the numbers between 1 and 10 

d. completely devoid of letters 


3. The magnetization of a ferrite core in a 
matrix is reversed by applying 

a. pulses to all three windings simul¬ 
taneously 

b. pulses to only two windings simul¬ 
taneously 

c. pulses to any two winds simultaneously 

d. a pulse to the sense winding 

4. An airborne digital computer accepts which 
of the following in its input? 

a. Letters and numbers 

b. Letters only 

c. Numbers only 

d. Pulses representing any number 0-9 
only 
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5. The binary representation of 64 in the 
Excess-3 code is 

a. 1000010 

b. 1000110 

c. 1000011 

d. 1000001 


Inputs 

a. 

b. 


ts to a digital computer may originate 
at analog computer outputs 
only from magnetic tapes 

Hrimv 


only iruiii nidgucuv. *-> 

c. only from magnetic drums 

d. only from magnetic tapes, drum 


s, or 


disks 


The timing pulse of a digital computer 
determines the 

a. running time for the multivibrators 

b. synchronization of data being processed 
open time for AND gates 

f . _AMTl oatf 


c. open time ior 

d. closed time fo.r AND gates 


The main reason the binary system is so 
important in digital computers is because 
P it contains only two number sand there¬ 
fore is very adaptable to the flip-flop 

system of counting 
the numbers are easy to add 
that, due to the use of only two numbers, 
fewer mistakes are likely 
it reduces switching time and makes 
problem solving more rapi 

binary representation of the 
decimal number 17 5/16 (seventeen and 

five-sixteenths) ? 
a . 10011.0101 
b * 10001.1010 
c [ 10001.0011 
d * 10001.0101 


a. 

b. 

c. 

d. 


an 


OR gate to function, the 


b. 

c. 

d. 


In order for 
input one at a time 

a * m L arrive at the same time 

S!!t be°low P amplit^de a posttive pulses 

only 

• hibitor circuit (fig. »-><>). an 
In the inhibitor when 

outputappear at both mputs 
a positive P positive pulse 

either input positive pulse, and 

input number ? . R either a negative 


b. 

c. 


d. 


inpui , 2 is eitner * 

input num nulse applied 

pllse or has n P itive pu lse, and 

fnput number^ ja a P e . ther a negl „ve 

in hfe or has no pulse applied 


12 . 


13. 


14. 


15. 


16 . 


17. 


18. 


19. 


which of the major “LogicalS’ 
puter is known as the LOGICAL un. 

a. Control 

b. Memory 

c. Arithmetic 

d. Input 

The flip-flop is an adaptation of the 
a Eccles-Jordan multiv.bra.or 
b free-running multivibrator 

c. single-kick multivibrator 

d. cathode follower 

What are the four major units of a digits 

accumulator „, pm orv and 

c. Accumulator, control, memo y, 

input-output rnntrol, and 

d. Input-output, arithmeti , 

memory 

a OR circuit would suffice as an 

fdde l r mP fo e r whicW the following 

10011101 and 01000110 

b. 10110 and 11001 

c. 011001 and 100110 

d. 001110 and 110100 

What is the binary representation of 
decimal number 72? 
a . 1001000 

b. 1001100 

c. 1000110 

d. 1100010 

A half adder will 

a. add but not carry 

b. carry but not add 

c. serve well as a su 

d. add and carry ^ 

of information? 

a. 125 

b. 150 

c. 250 

d. 500 ivigor wben 

What number would beJh c0unte r 
using a six stage 
dividing circuit? 

a. 64 

b. 32 

c. 16 

d. 6 
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20. An analogy could be drawn between an AND 
circuit and 

a. switches in series 

b. switches in parallel 

c. an inhibiting circuit 

d. three or more diodes in parallel 
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CHAPTER 14 

ELECTRONIC EQUIPMENT AND RELATED 
TEST EQUIPMENT 


This chapter presents information relating 
to late-model representative electronic equip¬ 
ment that will be operational during the time 
this training course is current. The primary 
objective is to introduce the equipments not as 
revolutionary items but as advancements in 
four equipment fields—communications, navi¬ 
gation, radar, and sonar. Some of the special- 
purpose test equipment associated with these 
electronic equipments are also discussed. 

Inasmuch as Handbooks of Service Instruc¬ 
tions exist for all of the equipments presented, 
no attempt at thorough coverage is made. Some 
circuits that employ new or unusual concepts 
are treated in detail; however, these explana¬ 
tions do not replace the HSI approach, but only 
serve as supplementary material in presenting 
theory of operation. 

THE AN/ARC-52 UHF TRANSCEIVER 

The transceiver described in this section 

T representative example of military UHF 

m nnication equipment which meets the need 
oom ”TPremium aircraft for increased effec- 

enessth smaller packages. It delivers sub¬ 
tleness u r output than lts predeces- 

stantially m /^ H P C _ 2 7. Also, it occupies only 

sor , the "r' as the ARC-27, has improved 

ha lf asf J“ a j ier to maintain, 
reliability, a bas i C ally an AM radiotele- 

The AHC-« of operating on any one 

phone systi em P 3 ith 18 pr eset channels, 
of 1,750 automatic control. 

Frequency 33l a e f "°” lec ted by a single control 

The channels the ma in unit. 

located remotely ^ ARC _ 52 in an aircraft 

The p ^ p °o mnl unication to ground stations, 
is to P rovld ® ther aircraft. It operates in the 
ships, cr °* h f^ ,99 g me. with a rated power 
range of ^ The receiver is a double- 

^‘rsion superheterodyne; two sources are 


employed for producing injechoii freq^nciei 
A total of 36 crystals are required for i 
utilization of the 1,750 available frequen e 
with common use of the crystals and many* 
the circuits for both transmission and re- 

CeP m°addition to regular two-way voice com® 
nication, the ARC-52 has the following facilitie^ 

1. A fixed-tune guard receiver in the 
to 248 me. range. 

2. Tone-modulated signals between 
1,120 c.p.s. for use as emergency or direct! 

finding signals. „nniimctioa 

3. An output for operation in conjuncn 

with the UHF direction finder group (AH - h 

Major Components 
The physical appearance of ttej^ 

equipment is shown in figure 14- , 
trates the three basic components. *■£ 
struction of the principal uni ( he ^ ^ 
transmitter) and the contr gize ^ 

considerable reduction in we g _ e( mjp- 
been made compared with compara^eqj 
ments. Weighing 52.5 po^s,indu« ^ 
and controls, the. tran . s . c q el gmall ^ r ligM 
1.08 cubic feet. Thus, it is m. in use; 

than many multichannel ® e g tS for pre ssuri- 

many of which have °o provisions f 
zation. The latter feature ^™S£**** 

equipment, permits operation at an 

70,000 feet. 

Flexibility 

The ARC-52 is designed 

BUILDING BLOCK aPP™ 3 ' of 13 suW^ 
figure 14-2, the set is macto W ^ tbe B* 

™:: si ° T Tht modules conform in - 
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jure 14-1.—Major components of AN/ARC-52. 
Receiver-transmitter. 3. Mounting MT-1477. 
Radio Set Control 


C-1607. 

idard of 4-1/2 by 4-1/2 by 1-1/2 inches or 
le multiple thereof. Besides facilitating 
ntenance and enabling certain economies 
ngineering, production, and stocking, modu- 
design provides great flexibility in pack¬ 


aging to adapt the equipment shape to specific 
aircraft. This feature makes the set especially 
applicable to Communication-Navigation- 
Identification (CNI) systems, such as the AN/ 
ASQ-19, AN/ASQ-56, AN/ASQ-57, and AN/ 
ASQ-58. 

The ARC-52 modules are shown separately 
in figure 14-2 with the completed assembly ap¬ 
pearing in the center. Reading from left to right 
in the front row, the units are as follows—guard 
receiver, audio amplifier, spectrum generator, 
receiver RF amplifier and transmitter pre¬ 
amplifier, power amplifier, and a-c power 
supply. Those in the back row are the fixed IF 
(1.85 me.), variable IF (20-30 me.), oscillator, 
mechanical tuner, modulator, relay, and recti¬ 
fier. 

A major advantage of the type of construc¬ 
tion employed is the ease with which the ARC- 
52 equipment may be modified. Other versions 
of the set have been designed to function with 
various types of a-c/d-c primary power supply 
combinations. Modification of other circuitry 
in the equipment can be accomplished similarly, 
with module replacement simplifying the 



RECT. UNIT 


AUDIO AMP. 


SPECTRUM GEN, 


POWER AMP. 


A-C POWER UNIT 


FIXED IF AMP. 


GUARD REC. 


REC. RF AMP. AND 
TRANS. PRE-AMP. 


VARIABLE IF AMR 

.OSCILLATOR UNIT 

.MECHANICAL TUNER 

.MODULATOR UNIT 


Figure 14-2.-AN/ARC-52 modules arrayed about complete radio set, 
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logistics problem when the equipments are 
dispersed over widely separated areas. 

The problem of mechanical coupling between 
modules for tuning functions is solved by con¬ 
necting the mechanical drive assembly with the 
appropriate modules by means of a gear-plate 
assembly mounted underneath the chassis. Any 
change in the modules involved, or the arrange¬ 
ment, can be easily accomplished by simple 
configuration changes in the gear plate. The 
modules have quick-disconnect mechanical 
couplers. Captive central elements in the 
couplers make removal and replacement of the 
module relatively simple with no synchroniza¬ 
tion problems. 

In maintenance, the modular concept permits 
rapid replacement of defective subassemblies, 
which increases equipment availability. 
Troubleshooting is comparatively easy because 
of the modular breakdown and the provision of 

readily accessible test points. 

Ease of maintenance has been one of the prin¬ 
cipal considerations in the development of the 
ARC-52 The objective is to permit thorough 
AR , o1n(r with a minimum of test equipment. 

ffter removal from the transceiver, most of 
After pan ^ operated by the use of ex- 

the modv } d and maintenance fixtures which 
te "T operation a"d servicing of those sub- 
assemblies that require mechanical xntercon- 

nection. 

Operation 

the ARC-52, the operator has 
When operating th A^ ^ ^ available 

fingertip sele lg preSe t channels or the 

frequencies. Any gelected by rotating a 

guard channel may control on the Radio Set 
single ch ( S n ?fi 07 /ARC-52, shown in figure 14-L 
Control C ' 16 ° / g m ay be chosen by rotation of 
0ther fre< S frequency controls until the desired 
four manual ” n y t he indicator dials, 

frequency appe haS volume control, mid 

The operator a^sona Mm t0 turn the 

a function switch se lectthe following functions- 
equipment on and plus guard re- 

transceiver nn ! a tic direction finder. 

The squelch circuits.are * rstandabillt y) in- 

Of “ 


. _ This eliminates the need for the ty- 

erltorto aS^t the RF gain squelch control 

The Tuning System 

Tuning of the ARC-52 is accomplished a# 
matically by means of autopositioners andassfr 
“Metrical and mechanical comp- 
The autopositioners are motor-driven ^ 
which adjust the tuning circuits and switches 
the subassemblies in the receiver-trans* 
Autopositioner tuning action is controUe ty 
nPFN CIRCUIT SEEKING system, the m 

S;£:r-.s 
fx SMrssgg 

liar positions, there is no current pamtr™ 

relay coil to ground. m this condition, #»» 

lay remains unenergized and. the in — 
run When the control switch is set to a p 
tion deferent from that of the corresp- 
seeking switch, the "elay is nneig 
and the motor is started. The mot : 
to run until the seeking swite , similar 

tioned by the ”“ he ^ Seme.l 

to that of the control switch. TMs^ar 
stops the motor by opening the r J ^ 
A simplified functional diagram ^ 

positioner unit is shownto■ «*"« 
indicates the elements tipi elements 

circuit seeking s 5 , f te “-.^^“eductiontrd., 
involved are a motor is fast** 1 

a slipclutch, a rotary engages ® 

a notched stop wheel, a P** 1 * f operathi 
notches of the stop wheel, a rrt«r«* 
the pawl and controlling the control sJ 1 ' 

electrical contacts comprising the con 

tem. ,, i4_4) performs^ 

^“sssrsrif- 

“i. The system » « S* 

and seeking switches are i cyde of Wj 

tions. The operator begins settin g at® 
auency selection by adjusting 

3. The motor drives me ^ , po» 

and the rotor of the »•“*,*, post 

tion corresponding Rotation of 

control switch is rea 
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CONTROL WIRES 


SELECTOR 

SWITCH 



MOTOR 

CONTROL 

CONTACT 


SEEKING l| / 

SWITCH 9 / 

. rrA 






SELECTOR 

SWITCH 




Figure 14-3.—Basic simplified automatic positioning system. 


CONTROL 

WIRES 


STOP WHEEL 


MOTOR 

CONTROL 

CONTACTS 


PAWL RELAY 


' /io 

T))°l 


2 _ J to 7 SEEKING 

4 y 5 6 SWITCH 


Figure 14-4. -Single automatic positioning system schematic diagram. 
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shaft sets various switches and tuning elements 
in the receiver-transmitter. 

4. When the setting corresponding to the 
selector position is reached, the open-circuit 
seeking switch corresponds to the control 
switch. The relay circuit is then opened, the 
pawl engages the stop wheel, and the control 
shaft is brought to a quick stop. The motor 
coasts to a stop, dissipating the kinetic energy 
in the slipping clutch. 


A diagram of the mechanical linkage in the 
tuning system of the ARC-52 receiver- 
transmitter is shown in figure 14-5. The draw¬ 
ing reveals the various tuners and switches 
which rotate during the operation of frequency 
selection. The average time required for the 
equipment to set up to frequency is between 
three and four seconds. 


AVIATION ELECTRONICS TECH NICIAN 1 &_C- 

tstxsz&sasX 

sarsrartsag 

225^ volt-amperes, a reduction of 40 percent 


The basic ARC-52 is a-c supplied and hence 
does not employ a i 

d-c version contains a dynamotor ^ 

only during the transmit mode, thereby * 

mizing brush wear and other sources of maltoc 
“ons common to rotating power equipment 


Pressurization 
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des over the main chassis to make airtight 
ntact with the front casting, is double walled 
d is constructed of corrugated aluminum, 
r is forced into what is called the plenum 
amber between the walls by an external blower 

the transceiver’s front panel. After absorb¬ 
er heat from the inner wall of the case, the 
• is exhausted through vents in the top of the 
ver. Inside the air-sealed container an axial- 
iw blower circulates the air to improve the 
at transfer. 

All blowers are a-c operated so that brush 
ar and commutator faults are eliminated. The 
se is designed structurally to withstand at- 
>spheric internal pressure with complete 
sence of external pressure. Extra rugged- 
ss in the shock mounts helps to overcome the 
ects of the high stresses occurring in cata¬ 


pult takeoffs and arrested landings on aircraft 
carriers. 


System Block Diagram 

The ARC-52 system is shown in block 
diagram form in figure 14-6. A relay switches 
the signal and it goes through the amplifier in 
the same direction both in transmit and receive. 

The ARC-52 employs double-conversion 
superheterodyne operation to provide maximum 
selectivity and sensitivity. In reception, the 
incoming signals are heterodyned successively 
in two mixer stages with injection frequencies 
from two separate sources to produce the de¬ 
sired intermediate frequencies. Conversely, 
during transmission a basic frequency is mixed 



Figure 14-6. -Block diagram of the AN/ARC-52 receiver-transmitter. 
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The crystal (fig. 14-7) is connected between 
le cathodes of a twin-triode tube. The proper 
rystal and associated tuning inductance are 
sleeted by the mechanical tuning unit. The 
ircuit consists of a grounded-grid amplifier 
id a cathode follower. The crystal is used as 

series-resonant wave filter which couples 
edback from the cathode follower to the input 

the grounded-grid amplifier. The crystal 
so determines the frequency of the feedback 
gnals. 

The grounded-grid amplifier supplies the 
lergy necessary for sustained oscillation in 
e resonant circuit composed of L1901 and 
isociated capacitance. The action of the feed- 
ck circuit is such that if the cathode of the 
ounded-grid amplifier swings positive, a posi- 
re pulse is returned to it. When the cathode 
dngs negative, a negative pulse is retunred, 
sreby meeting the necessary conditions of 
adback for sustained oscillation. 

The action of the feedback loop in the Butler 
cillator (fig. 14-7) takes place in the following 
quence. Assume that the grounded-grid ampli- 
r is conducting and that the cathode is swing- 
» more positive. This decreases tube conduc- 
n and causes the plate voltage to swing in the 
sitive direction. This voltage change is 
Lipled through C1902 to the grid of the cathode 
lower, where the plate current is increased 
i the cathode driven to a higher positive poten- 
1. The positive swing at the cathode is coupled 
ough the crystal to the cathode of the 
>unded-grid amplifier. This completes the 
dback circuit and applies energy to the tube 
such polarity as to sustain oscillation in the 
ing circuit. 

The output of the A-bank oscillator is coupled 
1 mixer stage where it is heterodyned with a 
nal from the B-bank oscillator (2.15 to 3.05 
■) to produce an injection signal of 21.85 to 
75 me. 


Microphone Input Circuits 
and Tone Oscillator 


Referring to the ARC-52 block diagram (fig. 
5), note the blocks associated with the trans- 
er power amplifier. These circuits are the 
rophone input stage, the modulator, and the 


sidetone audio stage, all of which are included 
in the transmitter audio system. 

The microphone input amplifier (V701A in 
fig. 14-8) may be connected for use with either 
a dynamic microphone or a carbon microphone. 
Connections are normally made at the time of 
manufacture, but may be changed as part of a 
special installation. When using a dynamic 
microphone, the amplifier operates as a conven¬ 
tional class A circuit, and has sufficient gain to 
increase the level of the microphone, which has 
relatively small audio output. A balanced input 
to ground is provided by the primary of trans¬ 
former T701. The secondary winding of the 
transformer is connected in parallel with a 
variable resistor which controls the input signal 
level at the grid. The output is coupled through 



input. 


C702 to the grid of a second audio amplifier 
stage, V701B. 

When employing a carbon microphone, the 
circuit arrangement shown in figure 14-9 is used. 
Tube V701A is then connected as a cathode fol¬ 
lower to avoid excessive amplification of the 
higher level audio provided by the carbon micro¬ 
phone. Since this type of microphone requires 
a constant current flow, it is connected in series 
with the 27.5-volt line through current limiting 
resistor R701, the transformer primary, and 
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INPUT J- 


^ 2 . 



3 5 

T70I 


AMPLIFIER 
V70IA 
1/2 6021 


TO AMPLIFIER 
V70IB 


Figure 14-9.—Carbon microphone input. 

ground. The audio signal is developed across 
variable resistor R702. The output of the stage 
appears across resistors R703 and R704 and 
is coupled through C702 to the grid of the fol¬ 
lowing audio amplifier. 

An alternate audio input signal employed in 
the ARC-52 transmitter is supplied by the tone 
oscillator circuit shown in figure 14-10 The 
tone generator, V705, supplies a 1,000-c.p.s 
homing signal when the external tone switch is 
closed. The action of the switch energizes a 
tone relay which applies plate voltage to the 
oscillator and also energizes the transmit- 
receive relay to place the radio set in the 
transmit condition. 

,, osci Hator is of the phase-shifttype 

with feedback applied to the grid from the plate 
throughtteeephase-shifting,RCnetworks. Each 

fid decrees “ rod “ ceB a P has « displacement of 
60 degrees at a frequency of 1,000 c p s sn 

that a total of 180 degrees phase shift occurs 
thereby providing the feedback condition neces 
sary for sustained oscillation. The total ohasp 
shift at other frequencies differs from 180 de 
grees and therefore does not sustain oscillation’ 
The oscillator is designed to operate in ft 
range of 920 to 1,120 c.p.s. The tonelZ^s 
developed across R712 and fed to the grid of 
the second audio amplifier, V701B. 6 1 


The Modulator 

The modulator supplies the audio energyre- 
quired to modulate the RF power amplifier of the 
transmitter. The modulating power is developed 
by the circuits shown in figure 14-11, the inpii 
to which is provided either by the microphone 
amplifier or by the tone oscillator described 
in preceeding paragraphs. 

The signals applied to the audio power ampli¬ 
fiers (fig. 14-11) are referenced to a negative 
15 volts bias which is connected to the center 
tap of the coupling transformer, T703. A Zener 
diode (CR701) serves to keep the biasing voltage 
constant during periods of increased modulation 
when the grids are drawing current. The power 
tubes are operated push-pull to obtain nig 
efficiency and linearity of output. Th 6 audio out¬ 
put voltage varies about a positive 450 ’ 

d.c., and is taken from terminal three of T"C 
for application to the RF power amplifier. 

Capacitor C706 (fig. 14-11) is wed as a 
biasing filter. Resistor R711 is used todeve op 
a voltage for monitoring the modulator ca 
current and does not affect the normal opera 
of the circuit. 


RF Power Amplifier 

The RF power amplifier, the 
the ARC-52 transmitter section, applies m 
lated UHF signals to the antenna at the P° 

level required. Conventional high-leve 

tion is employed in this stage. 

A simplified schematic of the 2j| 
fier and associated circuits is sho ^ 
14-12. The input RF to the final stage 
from the transmitter preamplifier ^ 

amplifiers, V60l andV602. These are gr ^ 
grid circuits and are operated plate 

audio modulating voltage is applied ^ ^ 

and screen grid of the final tube. M ^ 

accomplished by superimposing the an ^ 

upon the RF output of the stage. T ( - 

modulated R F energy is coupled through cP 

tor C615 to the antenna relay subasserno^ 
coupling capacitor is tuned by the x 
frequency-selection system so tn tire fre* 

a constant 50-ohm reactance over tn 

quency range of the equipment. P 
the modulated output is detected in 
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R7I8 C707 



TO AMPLIFIER 
V70IB 


Figure 14-10. —Tone oscillator circuit, ARC-52 transmitter-receiver. 



Figure 14-11. -ARC-52 modulator circuits. 
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Xs t sembW CUlt Th ( fH P f t , 0f thS antenna relay 

":srSs. the “ to 


DOPPLER NAVIGATION 


Test Equipment 


The test equipment used in the 

nance of the ARC-52 is the same 1 

with the ARC-27. This is generS * S6d 

equipment with which you shouk? ^ 

familiar, since it has been in use for eady be 

of years. No special test equipment isT^ 
with ARC-52. 4uipment is needed 


and 

dar 


Doppler navigational radar automatical y 
continuously computes and displ a ys groun sp 
and drift angle of an aircraft in flight, 
the aid of ground stations, wind estima » 
true airspeed data. This is done by'U 
auxiliary inputs from an altitude rate 
and from the aircraft’s vertical reference • 
tern. The radar section does not sens 

bearing (direction) as ordinary se jg 
does. Instead, it is SPEED-CONSC^ 


and DRIFT-CONSCIOUS. It employs c 


carrier wave (CW) transmission eI ) er ^ oci ty 
determines the forward and lateral v 
components of the aircraft by utilizes 
ciple known as doppler effect. 
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Review of Doppler Principle 

-5! 

1 * Several approaches have been used to present 

\ the theory of the doppler principle. A familiar 
,, one is the sound that a stationary observer 
hears from the whistle of an approaching train, 
as presented in AT 3 & 2, NavPers 10317-A. 
If you are not familiar with this, or some other 
J discussion, study it before continuing with this 
discussion. No matter what approach is used, 
the final conclusion is always the same. 

In a doppler navigational radar system, the 
radar echo received from a moving target has 
a frequency that is slightly different from the 
signal generated by the transmitter. In the ex¬ 
planation that follows three aspects of a given 
radar beam are discussed. These are the 
generated-signal wave, the incident wave, and 
the received wave. The timing of the wave is 
discussed and illustrated to show how phase 
shift and frequency shift occur. 


(A) 


I-1JJ SEC—j 

WWV-VWVXA 


i i 
i l 
i l 


75 jjp S 


(B) 



Figure 14-13. -r-Examination of a pulse. 


An examination of one microsecond of the 
signal radiated from a CW radar transmitter 
shows that the signal is composed of many 
cycles of RF energy. In the time of one micro¬ 
second a radar that operates at 13.3 kilomega- 
cydes will.radiate 13.3 kc. of RF energy, a few 
cycles of which are shown in figure 14-13(A). 
Each cycle occupies a definite period of time 
and has a definite physical wavelength. At the 
frequency mentioned, each cycle occupies 75 
micromicroseconds and has a physical wave¬ 
length of 22.5 millimeters. An expanded view of 
one cycle of RF at 13.3 k.mc. is shown in (B) of 
the figure. This cycle will later be shown with 
one cycle of incident signal superimposed on it 
to demonstrate expansion due to doppler effect. 

At this point two approaches to explain the 
effect of signal expansion are used; one involves 
the action of a cycle of energy as it leaves the 
antenna, and the other considers the shape of 
each cycle to be an arc of wave energy. First, 
consider a single cycle as it leaves the antenna. 


ever, if that cycle is emitted from an antenna 
on a moving aircraft, then 'the aircraft will 
move a small distance during the time that the 
cycle is being transmitted. The trailing edge 
will, therefore, be a greater distance away from 
the leading edge than it was when the cycle was 
transmitted from the stationary antenna. This 
is expansion. 

Figure 14-14 illustrates this effect and 
shows, by the dotted line, the space that a cycle 
would have occupied had the antenna been sta¬ 
tionary. Inasmuch as the cycle has been ex¬ 
panded, it occupies more distance in space, the 
wavelength has been increased, and the frequency 
has been proportionately decreased. The differ¬ 
ence in frequency for this first doppler shift 
can be computed by the formula: doppler shift = 
velocity of aircraft in ft. per second „ . 
wavelength of generated wave in feet A sine of 
the angle of the radar beam from vertical. 


The cycle shown at (B) of figure 14-13 
occupies a certain discrete distance in space, 
ind is, in fact, the wavelength of the signal at 
he frequency shown. When transmitted from 
1 stationary antenna, the leading edge will move 
)ut into space 22.5 millimeters, by the time the 
railing edge leaves the antenna. The cycle will 
hen occupy its exact wavelength in space. How- 


When the signal is reflected from the ground 
and returns to the antenna a similar expansion 
occurs. A slightly longer time is required for 
the cycle to reenter the moving antenna than 
would be required if the antenna were stationary. 
Thus, a DOUBLE expansion has occurred. This 
double frequency expansion can be measured by 
2 V 

the formula d. s. =-— x sine 0. The change in 

A 
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CYCLE STARTED WHEN AIRCRAFT 
WAS HERE 


CYCLE IF A/C 
STATIONARY 



^CYCLE COMPLETED WHEN 
AIRCRAFT HAD MOVED 
TO HERE 

-^RESULTANT WAVE DUE 
TO A/C MOVEMENT 

BEAM DIRECTION 



RECEIVED 

WAVE 


«-AOF —*■ 
GENERATED 
WAVE 


V 

EXPANSION 
OF WAVE 
DUE TO 
MOVEMENT 
OF A/C 


Figure 14-14.-One-cycle expansion. 


frequency is slight, but measurable, and is a 
direct indication of the speed of the aircraft. 

Compression of the signal will result if the 
antenna is pointed in the forward direction. The 
explanation is similar to that of expansion except 
toat the leading and trailing edges of the cycle 

c . 1 ° s ? r J ogether (cycle compressed). The 
effect will be to shorten the wavelength and in¬ 
crease the frequency. 

a PProach to compression and expan¬ 
sion is to consider that a CW signal consists of 

ure Ve i4 1 TmfY\ diat6d fromthe antenna. Flg- 
e 14-15 illustrates the spacing between the 

waves of a signal from both stationary and mo^ 
ing antennas. The effect is the same as that 
previously described. The Increased 
(wavelength) between adjacent mvea nf?-^? 
is a direct indication of frequency change The 
received signal frequency, when Lxedt 

f“ue^ 

^r“e^d nCy 18 8 dlreCt ‘“on^e 

If only one beam were tran« 5 m 4 ff«^ 
could be determined in one direct^ S ? eed 

the use of two beams, both the forward andlat^ 

velocity components of the aircraft ran* ? al 
mined. With the use of four be^,« b 6 6r ' 

helicopters speed and drift can be determtaLd 
m any direction. determined 


Figure 14-16 shows a block diagram of a 
typical two-beam system used to determine for¬ 
ward and lateral velocity components of an air¬ 
craft. 



/ 

£ 

LEADING EDGE OF _ ftC ccrnND 

SECOND WAVE WITH t / , LEADING EDGE OF SECO 

MOVING ANTENNA i WAVE IF ANTENNA wERE 

STATIONARY 


LEADING EDGE OF FIRST WAVE 
TO BE CONSIDERED 


Figure 14-15. -Energy wave spacing- 
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Figure 14-16. —Block diagram of a two-beam doppler radar navigation set. 


Operation of Units of Navigation Set 
RECEIVER-TRANSMITTER 

This unit, shown in figure 14-17, consists of a 
fiberglass paraboloid which contains a waveguide 
assembly, two crystal mixer assemblies, and a 
klystron oscillator assembly. The inner 
surface of the paraboloid is sprayed with a 
metallic reflecting material. As well as serv¬ 
ing as a container for the various units, the 
paraboloid also serves as the transmitting and 
receiving antenna. The paraboloid is divided in 
me center by a wall called the septum, in which 
the waveguide is mounted. 

Figure 14-18 illustrates the position of the 
waveguide in the septum, and the transmitting 
ind receiving sections of the antenna. Figure 
’-17 shows that the transmitting waveguide 
>riginates at the klystron and is a T-shaped 
section terminating in two radiating horns 


(only one transmitting horn is visible in the 
top drawing). Two receiving waveguide sections 
are attached to the transmitting section. They 
have crystal-mixer cavities mounted at the 
upper ends, receiving horns at the lower ends and 
coupling slots provided between each receiving 
and transmitting section. The klystron, mounted 
at the center of the waveguide, receives d-c 
filament and cathode power from the high voltage 
power supply, and liquid coolant from the elec¬ 
tron tube liquid cooler. The klystron is a dual 
cavity resonator. The CW energy from the 
klystron cavity is coupled to the waveguide 
through an impedance matching aperture located 
in the end of the waveguide, and through a 
coupling choke built into the waveguide flange. 
The energy is coupled down through the wave¬ 
guide to the T-section where a power divider 
sends half of the energy to each transmitting 
horn. The power divider is a small probe lo¬ 
cated across the waveguide at the center of the 
T-section. 
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COOLANT LINES 


Receiver-transmitter, mechanical assembly. 

physical volume, it covers a definite area wt 
the radiation energy strikes the groun • ^ 
consequence, the angle of incidence and 
rection of the energy reflected from the gr 
vary as shown in figure 14-20(A). More® 
cally, the result is that the energy string 

ground at the steepest angle relative to the 

tudinal axis of the aircraft returns at the nig 

frequency and produces the lowest 


co„^ tr at?r^L: u ;/^L Q Uo e “ tenna 

on opposite sides of Sfe a"rcraft The^H 6 ™ 3 
are directed outboard anddo^ward to thT™ 
of the aircraft, as shown in figure 14-19 ti! 
beams are directed outboard from thp li Th ,! 
vertical through an angle of n aircraft 
thence aft from this position through in 6 ! 8 ’ 

22 degrees. Since the beam width has a c^rtln 


448 


Digitized by 


Google 

































KLYSTRON 

WAVEGUIDE 



TRANSMIT 


Figure 14-18. —Location of waveguide 
in septum. 




Figure 14-19.—Beam orientation in 
radar navigation 


frequency; and the energy striking the ground at 
the flattest angle returns at the lowest fre¬ 
quency, producing the highest doppler frequency. 
There will be a general frequency band or 
spectrum between these two doppler frequency 
extremes, and the energy transmitted at the 
center and received from the center of the 
radiation lobe will be at the greatest power 
and at approximately the center frequency of 
this band. 


Figure 14-20(B) shows a typical doppler fre¬ 
quency spectrum with the approximate center 
frequency at the greatest power level. The 
reflected energy is picked up by the receiving 
half of the antenna and focused into the receiving 
horns. This energy is directed through the wave¬ 
guides to the receiving crystal mixer cavities. 
The impedance of the waveguide is matched to 
the crystal mixer by a matching aperture located 
at the coupling flange. The flange also contains 
a coupling choke to prevent loss of energy at this 
junction. A sampling of the transmitter's energy 
leaks into the receiving waveguides through two 
narrow coupling slots between the two sections 
of the transmitting and receiving waveguides. 
(See fig. 14-17.) These coupling apertures 
attenuate the transmitted energy so that only a 
small portion of its power is supplied to the re¬ 
ceiving waveguide. 

The crystal is placed across the cavity at a 
voltage point as shown in figure 14-21 and func¬ 
tions as a pickup probe and as a mixer. Both 
the transmitted and received signals appear 
across the crystal, and since it is a nonlinear 
device, mixing action results. The sum and 
difference, and each of the two input frequencies, 
appear across the output of the crystal, but the 
sum and the two input frequencies are shunted to 
ground by the capacities formed by the vinyl in¬ 
sulating washers supporting the crystal at its 
output end. The output from each crystal mixer 
is a doppler frequency proportional to the veloc¬ 
ity along its respective beam (port or starboard). 
(See fig. 14-22(A).) If the aircraft is drifting in 
the port direction (fig. 14-22(B))the doppler fre¬ 
quency output of the port crystal mixer will be 
lower than the output of the starboard crystal 
mixer. If the aircraft drifts toward starboard, 
the output of the starboard mixer will be lower. 
The difference or doppler frequency is within 
the audio spectrum. It is coupled from the crys¬ 
tal to the dual channel amplifier assembly. 
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Figure 14-20.—Frequency spectrum of reflected energy. 
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the port beam doppler signal, and the other 
the starboard beam doppler signal. The j 
nals come from the crystal detectors o 
receiver-transmitter. The assembly ai 
corporates a transistor oscillator circ | UI . tpg i 
generates a simulation doppler signal 
purposes. . . 

The port and starboard doppler si ^r 
amplified under AGC control an 
delivered to the signal data converter. 


M DIFFERENCE 

OOPPL ER FREQUENCY 

Figure 14-21.-Crystal mixe7 " 
assembly 

AMPLIFIER ASSEMBLY 

This unit contains two separate fully 
transistorized preamplifier channels. One is for 


SIGNAL DATA CONVERTER 

This unit contains circuitry which searcJJ 
acquires, and tracks the center 
the doppler frequency spectra supplied 
port and starboard signal channels of 
fier assembly. As soon as satisfactory ^ 
tion is made of these center doppler fr e 

(while the system unit is in the search m ^ fV 
circuitry automatically switches ^tl 

mode and generates two analog vol ag _ iffna is. 
form of 400 c.p.s. tachometer output ® V 
One output potential is proportional o , 
ter doppler frequency that is present ^(o 

signal channel, and the other is prop , 
the center doppler frequency of the 
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signal is recovered before the two-second time 
delay has elapsed, the signal data converter con¬ 
tinues to remain in the track mode and termi¬ 
nates the memory status at the end of the delay 
period by removing the memory (trigger) signal, 
thus allowing the computation to continue from 
the held-over values. If normal signal strength 
is restored in both channels after resumption of 
search operation, the signal data converter again 
goes through acquisition and returns to the track 
mode two seconds after signal restoration, and 
allows the computation process to be resumed 
(memory signal off). Special circuit design pre¬ 
vents the signal data converter from locking onto 
noise signals and facilitates operation over a 
great range of doppler signals. The two analog 
voltages, representing port and starboard beam 
velocities, are then applied to the groundspeed 
computer. 


GROUNDSPEED COMPUTER 

This unit is an electromechanical analog com¬ 
puter . Its function is to convert the output poten¬ 
tials from the signal data converter (which arc 
proportional to the aircraft’s velocity compon¬ 
ents in the direction of the radiation beams) into 
potentials representative of the ground-observec 
heading and drift velocity components of the air¬ 
craft. From these ground-observed velocity 
components, the groundspeed of the aircrafl 
can be readily determined. The signal trans¬ 
formation is carried out in two steps. One stej 
involves conversion of the port and starboarc 
signal voltages into velocity signals in the three 
coordinate axes of the aircraft. The other stet 
involves rotation of these three velocity com¬ 
ponents into the three axes of a ground reference 
coordinate system. For the latter step, twc 
electromechanical resolvers are utilized in con- 
junction with auxiliary signal inputs (roll angle 
pitch angle, altitude rate) from airborne refer¬ 
ence sources. The two resultant output signals 
from the groundspeed computer (heading veloc¬ 
ity component and drift velocity component) are 
made available in the form of 400 c.p.s. signa 

potentials which are fed into the groundsoee, 
and drift indicator. grounaspeec 


GROUNDSPEED AND DRIFT ANGLE 
INDICATOR 

This unit extracts groundspeed and c 
angle information from the output data of 


groundspeed computer and visually display^this 
information on a circular, dual-scale indicator 
dial on the face of the cylindrical unit housing, 
The upper peripheral scale on this dial reads 
groundspeed from 80 to 800 knots if indicator 
ED-733/APN-122 is used, or 80 to 400 knots if 
indicator ID-757/APN-122 is used. The bottom 
scale reads to 45 degrees drift angle to the 
right and left from zero. The same informa¬ 
tion is also made available in the form of 
synchro output signals for utilization in ground 
position computers and other navigational equip-, 
ment. 


POWER SUPPLY 

The power supply provides the high operating 

potential (negative 3,000 volts d.c.) andthe fila¬ 
ment power (6.3 volts d.c., regulated) for the 
klystron. To attain the precision output voltage 
and load regulation required, the power supp! 
uses a magnetic amplifier for regulating 
three-phase a-c input, and a standard hig vo ■ 
age regulation circuit in the output. An uk • 
lock circuit protects the power supply and Kly¬ 
stron by opening the transmitter high voltag 
circuit under the following conditions: 

a. Filament power failure to the transmitter. 

b. Excessive transmitter beam curren ' / 

c. Overheating of the transmitter and/ 
liquid coolant. 

d. Coolant pressure failure. . 

The interlock system also serves as a 
device for maintenance personnel by 
down the* high voltage supply whenever 
connections between units are br( * e °\ ^ 
power supply is charged with dry m r ( * 8 a 
to standard atmospheric pressure 
valve on the front panel. 


ELECTRON TUBE LIQUID COOLER 

This system is used to cool the 
contains all the parts of a cooling sy » ^ 
as a reservoir, a heat exchanger, apre ^ 
lief valve, a filter and the associateap, A 
Monsanto OS-45 fluid is used as the cw ^ 
pressure-sensitive switch protects off 

mitter from low coolant pressure by ^ 

the transmitter’s high voltage when the , 

pressure falls below approximately ^ 

Thermostatic switches automatically 
the transmitter's high voltage when 
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or fan motor overheats or the coolant tempera¬ 
ture exceeds 100°C. (212°F.). 


ALTITUDE DATA TRANSMITTER 

This unit measures pressure changes with 
changes in altitude and develops synchro output 
signals which are proportional to these changes. 
It contains two evacuated diaphragms which are 
mounted inside a sealed housing. The inside of 
the housing is held under atmospheric pressure 
by a tube connection to the static pressure line 
of the aircraft. Changes in air pressure inside 
the housing (resulting from altitude changes)act 
to contract or expand the diaphragms. The dia¬ 
phragms are linked to a synchro transmitter 
rotor through altimeter mechanisms. These are 
designed to produce 360 degrees rotation per 
1,000 feet of altitude change in either direction. 
Rotor rotation thus provides a synchro trans¬ 
mitter signal proportional to, and in the sense 
of, altitude change. This signal is converted 
into a rate signal in the groundspeed converter, 
and thus provides rate of ascent and descent of 
the aircraft to the groundspeed computer. 


RADAR, AN/APS-82 

Radar set AN/APS- 82 functions as part of an 
integrated AEW (Aircraft Early Warning) sys¬ 
tem. It is a lightweight, airborne, early- 
warning and control system used to detect tar¬ 
gets, accurately determine target azimuth, 
range, and height, and direct an interceptor on a 
target collision-intercept or target offset- 
intercept course. The major components are 
shown in figures 14-23 and 14-24* It is possible 
to operate the set in six separate modes, each 
of which provides a separate function. These 
modes are Search, Height-Finding, Intercept, 
Offset-Intercept, Wind Compute, and Relay Link 
Transmission. Each will be described. 


SEARCH MODE 

In the search mode, radar data is displayed on 
a conventional PPI. Two separately controlled 
electronic cursors and range strobes are used 
to display and determine target azimuth and 
range with respect to the AEW aircraft or to any 
other position. The entire display maybe offset 
as required for better presentation of any section 


of sweep. Both range and bearing of the target 
along each cursor are displayed on direct- 
reading counters on the azimuth-range indicator 
(IP-414/APA-125) panel. Two separate 
azimuth-range indicators are provided to allow 
two operators to share the duty load. 


HEIGHT-FINDING MODE 

In the target height-finding mode of operation, 
the system accurately displays the height of any 
airborne target above sea level. (Since the sys¬ 
tem is designed for AEW operation over water, 
terrain altitude is not significant). An accurately 
controlled antenna tilt and stabilization system is 
used to determine target vertical position with 
respect to the antenna boresight axis, which is 
presented on the height indicator (IP-435/APS- 
82) as a "Pisa” (leaning rectangular pulse)dis¬ 
play. A manual antenna elevation control on the 
height indicator panel allows the operator to 
change the antenna tilt angle as required to move 
the Pisa display to the horizontal position. When 
the Pisa display is horizontal, the antenna has 
stabilized at the correct tilt angle, and a direct 
reading, two-digit counter on the height indicator 
panel displays target altitude above sea level in 
thousands of feet. Two height indicators are 
provided with the radar set which allow the op¬ 
erators to share the watch. However, only one 
indicator may be used at a time. 


INTERCEPT MODE 

In the intercept mode of operation, the AN/ 
APS-82 semiautomatically computes the time- 
to-go along target and interceptor cursors until 
an intercept occurs. The cursors used in the 
search mode to indicate target bearing and 
range with respect to the AEW aircraft are also 
used to represent the target and interceptor 
courses so that an intercept point may be 
chosen. An advance (time) strobe, associated 
with each cursor, is used to determine whether 
or not the selected intercept course will result 
in simultaneous arrival of target and interceptor 
at the selected point. When the advance strobes 
coincide at the selected intersection of the target 
and interceptor cursors, the correct time-to-go 
is displayed in minutes and seconds on a direct- 
reading counter located on the computer control 
(C -2305/ APS- 82). 
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RADAR RECEIVER 
R-845/APS-82 


AZIMUTH AND RANGE 
INDICATOR IP-4I4/APA-I25 




MIXER DUPLEXER 
CU-6I7/APS-82 


POWER SUPPLY 
PP-I846/APS-82 



MIXER DUPLEXER 
CU-6I9/APS-82 



RADAR TRANSMITTER 
T-654/APS-82 


The semiautomatic nature of the intercept 
computation allows the AEW operator to make 
rapid corrections by observing the PPl display 
on the azimuth-range indicator and by operating 
the pushbutton reset switches located Sear 
cursor-control joysticks on the compute? 
control. F 

OFFSET-INTERCEPT MODE 

Offset-intercept operation is a refinement of 
intercept operation, in that the time-to-ao il 
computed with respect to the point at which the 
interceptor must make a coordinated turn into 


ANTENNA 
AS-9I3/APS-82 

Figure 14-23. —Major units of APS-82. 


a broadside intercept course. 111 JJ pra tor 
operation, it is necessary that the AEWope^ 


know the type of interceptor as well as . 

so that the most effective broadside ^ 
course may be plotted. Offset dista ^L th the 
angle settings are made in accordance 
type of interceptor being directed. tionS 

intercept computations and operator 
remain unchanged. 

WIND COMPUTE MODE ^ 

One of the two operator positions °* 
APS-82 is equipped with a wind computer, 
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ELECTRONIC CONTROL 
AMPLIFIER AM-I787/APS-82 



RADAR SET CONTROL 
C-2303/APS-82 



COMPUTER CONTROL 
C-2305/APS-82 



RADAR SET CONTROL 
C-2304/APS-82 



VARIABLE POWER TRANSFORMER 
TF-258/APS-82 



TARGET INTERCEPT 
COMPUTER CP-374/APS-82 



ELECTRICAL SYNCHRONIZER 
SN-199/A 


Figure 14-24. —Major units of APS-82. 
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is not part of the radar set. The operator work¬ 
ing this position may use the wind computer in 
conjunction with Target Intercept Computer CP- 
374/APS-82 to determine speed and direction 
of wind at the AEW aircraft. This operation is 
similar to intercept computing, except that a 
fixed target is used. 


RELAY-LINK TRANSMISSION 

In this mode of operation, radar and IFF data 
are coded and applied, together with syn¬ 
chronizing signals, to a Radar Relay Trans¬ 
mitter T-271/ART-28. Information is 
transmitted to a surface-based control center 
to aid in coordinating AEW activities among the 
fleet’s aircraft. All that is required of the op¬ 
erator to cause this information to be trans¬ 


mitted is to turn on the ART-28 by use e 
off-on switch. 

Circuitry and Theory 

The functional units of the radar set an 
shown in simplified block diagram form infigure 
14-25. The system operates similarly to con 
ventional S-band search radars, with theexcep- 
tion of the height-finding capability, which uses 
the monopulse technique. 


MONOPULSE TECHNIQUE 

This technique divides the echo pulse into two 
pulses—one designated SUM and one designated 
DIFFERENCE. These return signals are re¬ 
ceived through a sum channel and a difference 



Figure 14-25.-Si mp i i£i e dbIockdiagram) 


radar set APS-82. 
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)1 channel and compared in the receiver system. 
The resultant may be a single positive or nega¬ 
tive pulse, the amplitude of which is proportional 
if to the difference in target height from that of 
the radar’s vertical beam axis. The polarity 
i bi the pulse indicates whether the target is 
it above or below the radar’s vertical beam 
i axis. Since only a single lobe of energy is 
t transmitted, the antenna feedhorn is constructed 
in a modified MAGIC-T configuration that will 
respond to variations in the vertical pattern of 
the received signal. 

The feedhorn comprises two functional 
antenna sections; one for the sum channel and 
one for the difference channel. Note, however, 
. that only the sum channel antenna section is 
[ used for transmission. The primary receiving 
■ element is the SUM CHANNEL waveguide-and- 
r feedhorn configuration. This horn is an im¬ 
pedance matching device used to propagate the 
transmitted pulses into the atmosphere and to 
shape the pattern radiated against the reflector. 
Echoes reflected from targets enter the end of 
the horn as a single receiving pattern and are 
propagated through the waveguide for sum video 
signals. 

The secondary receiving channel (difference 
channel antenna section) consists of the MAGIC- 
T connection, which is incorporated into the sum 
channel feedhorn configuration. (See fig. 14- 
26.) The magic-T slot effectively divides the 
receiving feedhorn into two parts, thus pro¬ 
viding two separate receiving patterns. 

As shown in figure 14-26(A), a magic-T 
consists of four energy paths with a common 
junction. Transmitted energy in path 3 is prop¬ 
agated in equal amounts in paths 1 and 2, none 
is propagated in path 4 since no field-strength 
difference exists across its face (which is at 
right angles to the transverse-electric mode). 
Target returns appearing at paths 1 and 2 in 
equal field strengths are therefore propagated 
in path 3 but not in path 4 since, again, no field 
strength difference exists across its face. 
However, if the received signals appearing at 
paths 1 and 2 are not of equal field strength, a 
potential difference exists across the face of 
path 4 and energy is propagated into this wave¬ 
guide in an amount proportional to the differ¬ 
ence in field strengths between paths 1 and 2. 
Since the potential difference can be of either 
polarity, depending upon whether path 1 or 2 
is supplied the greater input signal, the energy 
propagated in path 4 will be either in phase or 
out of phase with the combined (sum) energy 


which is always propagated in path 3. The 
feedhorn-and-slot arrangement used in the radar 
set (fig. 14-26 (B)) is similar to the magic-T 
(fig. 14-26(A)). The sum channel is equivalent 
to path 3 of the magic-T. The difference channel 
waveguide is equivalent to path 4 of the magic- 
T. Received energy enters the horn simultane¬ 
ously via paths 1 and 2. There is no physical 
surface separating paths 1 and 2, but the location 
of the magic-T slot along the bore sight of the 
feedhorn effectively separates the horn into two 
identical halves. Each half of the horn is a 
separate waveguide energy path, or receiving 
antenna, having its own sensitivity pattern as 
shown in figure 14-27. The upper lobe of the 
receiving-sensitivity pattern has arbitrarily 
been designated as the plus (+) lobe and the 
lower lobe as the minus (-)lobe. It must be 
understood that polarity and phase are not in¬ 
volved since no energy is radiated. 

When the target is located along the bore- 
sight of the antenna, the plus (+) and the minus 
(-) lobes overlap. Equal sensitivities exist for 
both energy paths 1 and 2 and no difference 
signals are propagated. When a target is lo¬ 
cated above the boresight axis of the feedhorn 
the upper half of the antenna is more sensitive 
to radar echoes than the lower half. Thus, a 
target located in the (+) lobe is detected more 
strongly by the upper half of the antenna than 
by the lower half, resulting in a field-strength 
difference between paths 1 and 2 of the feedhorn 
magic-T. A potential difference therefore 
exists across the magic-T slot (path 4), and a 
small amount of energy is propagated in the 
difference waveguide. The amount of energy 
propagated in the difference waveguide is di¬ 
rectly related to the difference in field strength 
between the echoes received in the two halves 
of the feedhorn, paths 1 and 2. 

When a target is located below the boresight 
axis of the feedhorn, the lower half of the antenna 
is more sensitive to radar echoes than the 
upper half. Thus, a target located in the minus 
(-) lobe is detected more strongly by the lower 
half of the antenna than by the upper half. 

The phase relation of the difference and sum 
signals is determined by the physical position of 
the magic-T slot with respect to the opening into 
the sum-channel waveguide. The AN/APS-82 
antenna configuration is chosen so that a differ¬ 
ence signal, which is caused by greater energy 
in path 1 than in path 2, is in phase with the 
sum channel reception, while the reverse energy 
condition results in the opposite phase. Note 
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Figure 14-26. —Magic-T configuration, simplified diagram. 



MAGIC-T 
OHORN 


SUM-CHANNEL WAVEGUIDE 


MAXIMUM RADAR ' 
RECEIVING RANGE 


Figure 14-27 Receiving sensitivity pattern. 
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lat only a small portion of the total received 
nergy is coupled to the difference channel; the 
lajor portion of the energy is propagated in 
le sum channel and is used by the PPI in the 
earch mode and for Pisa display in the height- 
nding mode. 


ARGET HEIGHT GEOMETRY 

The geometry of the target height-finding 
motion is shown in figure 14-28. The line-of- 
Ight to the target R is developed by the radar 
et in the conventional manner through the sum 
iiannel. Transmitter pulses strike the target 
nd are reflected back to the radar antenna, 
he time required for pulses to travel to the 
irget and back is measured, and since the prop- 
jation velocity of radio energy in space is 
aown the distance to the target is automatically 
Dmputed. The altitude of the AEW aircraft 
il) is continuously monitored by the aircraft’s 
istruments. The true horizontal is determined 
1 zero tilt stabilization of the antenna by a 
entral gyro reference system. Thus, only the 
agle 0 between the horizontal at the AEW air- 
raft and the line of sight to the target is un- 
nown. The radar set determines this angle 
7 the inclusion of an additional channel of 
jception. Thus, there are two channels of 
idar reception which are designated the sum 

TARGET 



Figure 14-28. —Target height-finding 
geometry- 


channel and the difference channel. Both chan¬ 
nels are used to determine the angular position 
error between the antenna boresight axis and the 
line-of-sight to the target. Target echoes which 
are picked up by the antenna are applied to the 
sum channel. Part of the target echo, however, 
is sampled at the antenna feedhorn and propa¬ 
gated through the difference channel to the re¬ 
ceiving circuits (fig. 14-25). 

In the height-finding mode of operation, the 
sum and difference channel signals are detected 
and compared in the receiving circuits. The 
resultant signal is known as the MONO video 
(compared sum and difference video), which is 
applied with the sum video to the height finding 
system. The sum video develops the Pisa dis¬ 
play on the height-finder scope. The mono 
video, which presents the angular position error 
between the antenna boresight axis and the line- 
of-sight to the target, is used to control the lean 
of the Pisa display. When the antenna boresight 
axis lies along the line of sight to the target, 
the mono video is zero and the Pisa display is 
horizontal. Any deviation of the antenna bore¬ 
sight axis from the line of sight to the target 
will result in either positive or negative mono 
video which will cause the Pisa display to lean 
either upward or downward. With the antenna 
alined with the target the antenna tilt angle (0) 
is measured (fig. 14-28) and a simple trigono¬ 
metric computation (h2 = R sinJ0), made auto¬ 
matically in the height indicator system, yields 
target height (h2>, which is added to AEW air¬ 
craft altitude (hi) to yield target altitude (h). 
An additional correction is made by the com¬ 
puting circuits to compensate for the curvature 
of the earth, which is significant at the radar 
ranges and target altitudes involved. 


Test Set AN/UPM-44B 

Radar Test Set AN/UPM-44B is supplied as 
associate equipment to Radar Set AN/APS-82 
and, therefore, is part of the AEW aircraft 
equipment complement, as well as the shore- or 
ground-based maintenance installation. A com¬ 
plete description of the radar test set is covered 
in the Handbook of Service Instructions, NavAer 
16-30 UPM-44-502. 

The radar test set consists of the test set 
assembly, transit case, and accessories. These 
are shown in figure 14-29. The equipment is 
designed for use with S-band radar systems. 
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Figure 14-29. —UPM-44. 


The test equipment may be used for the follow¬ 
ing purposes. 


a. Measure receiver bandwidth sensitivit 
recovery time, and local oscillator frequenc 

b. Measure transmitter power and fr< 

quency. 11 

c. Tune local oscillator. 

d. Test and tune the duplexers, AFC svstei 

and rotation joints. y 1 

e Provide visual indication of the magnetr 
and local oscillator spectra. & 


f. Observe magnetron pulling. 

g. Visual indication of video signals. 


With the exception of frequency coverage, 

UPM-44 is similar to the UPM-32. in 
32 is discussed in chapter 15. 

SONAR 

Sonar Set AN/AQS-4D is an airborne, dig 
sonar system designed to detect eD tjs 
targets such as submarines. The . e , < ^Jj n bell- 
designed primarily for install a ^ca* 
copters. In addition to aural and vi ^ gr . 
tion of targets, the AQS-4D P rovld ®?i {r ieDdU 

water CW communications wi 

submarines or surface vessels. 
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The major units of this sonar set are listed in 
table 14-1 and are also shown in figure 14-30. 
Of the major units shown, six are carried inside 
the helicopter. The seventh is the sonar dome 
which is suspended submerged in the water dur¬ 
ing operation. The dome houses the transducer 
and its training mechanism, the flux-valve com¬ 
pass, and the depth pressure potentiometer . The 
total weight of the system is less than 350 pounds. 
Only one operator is required. 


Overall Operation 

Detection is accomplished by echo-ranging 
or narrow-band passive listening operation. To 
prepare for operation, the sonar dome is lowered 
to the desired operating depth by means of the 
cable and cable reel assembly. This is done only 
while the helicopter is hovering. The dome may 
then be rotated in azimuth (trained), using either 
manual or automatic control. 

Sonar Set AQS-4D will operate at any of three 
fixed frequencies. The operator selects the de¬ 
sired frequency by using the frequency selector 
switch, which is located on the front panel of the 
receiver-transmitter. 

In echo-ranging operation, a pulsed, 
continuous-wave signal, adjustable in length, is 
transmitted by the transducer. The ultrasonic 
Dutput frequency is generated by a stable crystal 
Dscillator network in the transmitter. Thetrans- 
nitter is keyed, by keying relays controlled by 


the keying circuits in Range Recorder RD-46D/ 
AQ. 

The keying relays are actuated by a cam- 
operated switch in the range recorder. The cam 
is driven by the same motor that drives the 
writing helix; the rate of rotation of the helix and 
of the keying cam depends on the position of the 
RANGE K YARDS control on the range recorder. 

TRAINING THE TRANSDUCER 

Two modes of echo-ranging operations are 
possible—continuous manual training and auto¬ 
matic step-training. 

Automatic step-training is usually used for 
systematic search of a relatively large area. 
In this type of operation, the bearing of the trans¬ 
ducer is automatically changed in 10-degree 
steps before each pulse is transmitted. Thus a 
full 360 degrees in azimuth can be methodically 
searched in the time required to transmit 36 
pulses (about 4-1/2 minutes in the 6,000-yard 
range). The sonar dome step-training is syn¬ 
chronized with the transmitter keying. A step¬ 
training pulse, initiated by a cam actuated switch 
in the recorder, actuates the step-training sole¬ 
noid, which in turn rotates the training order 
synchro 10 degrees. The step-training pulse is 
initiated just before the keying operation. 

In continuous manual training operation, the 
bearing of the transducer is controlled independ¬ 
ently of the keying relay operation. The trans¬ 
ducer is trained by the handwheel on the front 



Figure 14-30.-AN/AQS-4D, overall pictorial diagram. 
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Table 14-1.—Major units of Sonar Set AN/AQS-4D 


AN Nomenclature 

Overall Dimensions (inches) 

Weight 

Name 

Type 

Length 

Width 

Height 

(pounds) 

Sonar Receiver-Transmitter 

RT-200D/ AOS-4 

17 1/2 

9 1/2 

7 

10 1/8 

19.0 

31.5 

15.0 

44.0 

28.0 

83.0 

58.0 

36,0 

Azimuth Indicator 

ID-319D/ AOS-4A 

10 

17 3/4 

Range Recorder 

RD-46D/AO 

7 3/4 

8 1/4 

12 

31 1/4 

Sonar Dome 

CW-219C/AOS-4 

19 1/4 (diam) 

12 1/8 (diam) 
20 1/4 

Sonar Transducer 

Cable Reel 

AT-280C/AQS-4 
RL-152C/AOS-4 

4 1/2 

29 1/4 

24 

Cable Assembly, Electrical 
Special Purpose 

Dynamotor Assembly 

CX-2320A/U 

DY-73D/ AOS-4 

90 ft. 

10 1/8 

1 (diam) 

16 

7 


panel of the azimuth indicator. A selected bear¬ 
ing or azimuth sector may thus be searched more 
intensively than is possible in the automatic step¬ 
training mode. 

Training orders to the sonar dome in both 
modes of echo-ranging operation are supplied to 
the training motor through a closed-loop servo¬ 
mechanism training control circuit. The servo¬ 
mechanism is basically a conventional circuit 
having a training order synchro (synchro control 
transformer) as the error measuring device, a 
servoamplifier, a dome training motor, and a 
flux-valve compass as the sonar dome position 
transmitter. As previously stated, training 
orders are introduced mechanically to the train¬ 
ing order synchro by means of the training 
handwheel or the step-training mechanism. At 
the same time, sonar dome position information 
voltage is supplied to the training order synchro 
by the flux-valve compass. Any difference be¬ 
tween the ordered and actual bearing of the dome 
appears at the output of the training order 
synchro in the form of an a-c bearing error 
signal. The error signal is amplified by the 
servoamplifier, detected and converted to the 
proper d-c signal by a phase detector, and pre¬ 
sented to a magnetic power amplifier. The out¬ 
put of the magnetic amplifier is presented to the 
dome training motor, which drives the trans¬ 
ducer to the ordered bearing. Paddles that are 
attached to the dome assembly extend into the 
water and prevent the dome housing from 
rotating. Therefore, when the proper bearing is 
reached, no error exists and the system is in 
equilibrium. 


TRANSMITTING THE PULSE 


The transmitter is comprised of a tuned 

amplifier, a driver, and a power output stage. 


V- J -- 

amplifier in the sonar transmitter are 
pulsed signal is developed. After being amplifl* 

by the transmitter, the electrical pulse is pre¬ 
sented to the transducer for conversiontosoro 
energy and transmission. Barium 1 
ceramic elements in the transducer converttt 
electrical energy into sound energy, 
wide coverage during each transmission, 
acoustical energy is propagated in a relau 

broad-beam pattern. 

During ultrasonic communications opera . 
the keying circuits are actuated by a hand W 
the right side of the azimuth indicator 
type of operation, the maximum power 
reduced by a power reduction circuit o 

damage to the receiver-transmitter. 


RECEIVING THE ECHO 


receiS 


Any echos reflected back to the 
from acousticaUy opaque objects ar 
into electrical signals and presented tom 
receiver. The receiver is a Jo! 

selective superheterodyne circui c p 

an ultrasonic amplifier, a converter, 
amplifier, a diode detector, a Br i 
quehcy oscillator), and two stages10 *■ 

fication. Manual and automatic g 
circuits are also incorporated in 
The receiver amplifies the ihP u ese J 
converts them to 800-cycle tones P 
tion to the range recorder and azim „ 
Simultaneous visual and aural rg 
tions are provided. Visual indica ^ 
played on the SONAR LEVEL me e ^ 
muth indicator and on the range rec eS ,| 

indications are presented by hea rf he recei' 
nected to the azimuth indicator. or der 

audio signals presented to the rang 
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range recorder. 


:e amplified, rectified, and applied across the 
jcorder writing blade. The signal current 
issing through the recording paper from the 
riting blade to the helix makes a permanent 
ipression on the chemically treated paper, 
i shown in figure 14-31. 


Circuit Analysis 
CYING CIRCUITS 

In echo ranging operation, circuits in Range 
corder RD-46/AQ-4 control both the pulse 
te and the pulse duration. Keying is accom- 
shed mechanically by a motor-driven cam 
ich actuates keying switch S802. (See fig. 
•32.) When S802 is actuated, relays K101 
1 K102 in Sonar Receiver Transmitter RT- 
J/AQS-4 are actuated, thereby keying the 
usmitter. The duration of the transmitted 
se is determined by a resistance-capacitance 
2) pulse length control circuit. The writing 
ix and the cam are driven through a gear 
in by a d-c motor B801, the speed of which is 
■ulated by a centrifugal governor. 


The spur gear and drive motor drive a long 
pinion which is the power takeoff for the re¬ 
mainder of the gear train. Gear-train speed 
is controlled by a transmission. Selection of 
transmission gear ratios, corresponding to the 
desired range, provides speed control of the 
writing helix, switching cams and paper feed. 

The keying cam, directly linked to the writing 
helix, initiates the transmission cycle by actu¬ 
ating microswitch S802. This action simultane¬ 
ously applies a 250 volt d-c energizing voltage to 
relay K802 through dropping resistor R807 and 
charges capacitors C801 and C805 in the pulse- 
length control circuit. When cam rotation re¬ 
turns S802 to its normal position, keying relays 
K101 and K102 in the receiver-transmitter are 
energized, initiating the transmitted pulse. The 
duration of the transmitted pulse is controlled 
by the discharge time of C801 in parallel with 
C805. The pulse length can be varied by adjust¬ 
ing R817, the PULSE LENGTH control. 


TRANSMITTER CIRCUITS 

In both echo-ranging and communications 
operation, the high-power sonar transducer 
excitation pulses are generated in the trans¬ 
mitter section of the receiver-transmitter unit. 
Figure 14-33 shows a block diagram of the 
transmitter section. 

The transmitter output frequency is gen¬ 
erated by a beat-frequency oscillator network 
comprised of two stable, crystal controlled, 
oscillator stages and a pentagrid mixer tube. 
This network is pulsed at the selected repeti¬ 
tion rate by a keying pulse derived from the 
keying circuits as discussed before. The out¬ 
put of the network is a series of low power 
excitation pulses occurring at the repetition 
rate selected by the recorder. 

TEST-OPERATE switchSlOl is incorporated 
with this network for driver and receiver test¬ 
ing, alinement, and adjustment. When SI01 is 
in the TEST position, the oscillator network 
functions as a CW signal generator. Plate 
potential is applied through SI 01 to tuned ampli¬ 
fier V102A, which acts as a cathode follower 
output stage. The amplified CW signal is picked 
off the cathode of V102A and supplied to the re¬ 
ceiver input, permitting accurate receiver aline¬ 
ment at the transmitter frequency. 

During normal transmitter operation, VI02A 
functions as a conventional, timed triode ampli¬ 
fier. * Plate potential is applied through keying 
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S203 S208 

SONAR POWER 



Figure 14-32. —Simplified schematic of keying circuits. 


relay K102 to assure positive driver keyii 
action. The relatively low power excitath 
pulses at the output of VI02A are further ampl 
fied hy driver-amplifier V103. The output 
VI03, a conventional beampower amplifier cii 
cult, is transformer-coupled to the power outp 
stage through driver transformer T101 and 
also delivered through keying relay K102 to t] 



Figure 14-33.-Sonar transmitter, 
block diagram. 


receiver reverberation-controlled gain (RCG) 

circuit. hMB> 

The power output stage employs two 
power amplifier tubes connected in P 
to develop the high-power excitation 

TRANSDUCER 

The high power pulses of electricdjjjj 
developed by the transmitter are co“ v . 
acoustical energy and propagate 7* 
Transducer AT-280C/AQS-4. 
is mounted inside the spherical seen 
Dome SW-219C/AQS-4. ^ figure ^ 

of the transducer is visible behind th P ^ 
grill of the sonar dome. The activee ^ 
the transducer are barium titana t 
cylinders. These cylindrical eleme 
mean diameter of 2.7 inches and ar 
long. Ten of these ceramic elements, i 
in a flat-face pattern, are mounted lnc* 
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a corprene retainer. The transducer assembly 
is covered by an acoustically transparent rubber 
diaphragm, evacuated and filled with dry, techni¬ 
cal grade castor oil. Castor oil is used because 
its acoustic characteristics most nearly match 
those of sea water and therefore provide a match¬ 
ing medium between the transducer elements and 
sea water with minimum loss. 

! Operation of the transducer is based on the 
piezoelectric effect produced in the ceramic ele- 
! ments by the application of an electrostatic field 
or mechanical pressure. During transmission, 
the high power pulses of electrical energy are 
converted into pulses of acoustical energy at an 
ultrasonic frequency, and transmitted through 
the castor oil and rubber diaphragm into the sea 
water. During reception, acoustic signals strik¬ 
ing the outside surface of the transducer are 
transmitted through the castor oil to the elements 
and produce electrical voltages. These voltages 
are produced in the elements by the varying me¬ 
chanical pressure of the sound waves. The elec¬ 
trical signals are then supplied to the receiver. 

A matching transformer is employed to match 
the transducer to the low impedance (75 ohms) 
transmitting and receiving circuits. The match¬ 
ing transformer is mounted inside a watertight 
compartment on the back of the sonar dome 
casting. 


RECEIVER CIRCUITS 

During reception, the relatively weak 
acoustic target echo signals impinging upon the 
transducer are converted into electrical signals. 
These are delivered to the receiver section of 
the receiver-transmitter unit for amplification 
and conversion, first to IF signals and then to 
800-cycle audio signals. These audio signals are 
supplied to the presentation circuits (AUDIO 
OUTPUT meter, headphones, range recorder, 
and optional wire recorder). 

Receiver gain is controlled both manually and 
automatically. Manual gain control is by means 
of the SONAR GAIN control on the azimuth indi¬ 
cator which varies the cathode bias of the ultra¬ 
sonic amplifier and the IF amplifier. Automatic 
gain control is provided by a combination of 
RCG/TVG (reverberation-controlled-gain and 
time-varied-gain) circuits. 

Since the receiver operates at fixed fre¬ 
quencies, no front panel tuning controls are 
required except for the FREQ (KC) switch for 
selecting the operating frequency. The receiver 
is alined to the proper operating frequency by use 
of the CW output signal derived from the oscil¬ 
lator in the transmitting circuits. 

Both internal and external means of alining 
the receiver to the proper operating frequency 
are provided. For internal alinement, the 
TEST-OPERATE switch on the front panel is 
placed in the TEST position and the CW signal 
developed across the oscillator network VI01 
and V102 (fig. 14-33), permits alinement of the 
receiver without the use of an external signal 
generator. 

For external alinement of the receiver, the 
output of an external signal generator is injected 
through the SIGNAL GEN jack. This method 
facilitates preinstallation bench testing of the 
equipment, but is not desirable for final aline¬ 
ment procedures because there is a possibility 
of not alining the receiver to the exact trans¬ 
mitter frequency. Exact alinement is assured 
only by use of the internal method. 

A block diagram of the receiver section of 
Sonar Receiver-Transmitter RT-200D/AQS-4 
is shown in figure 14-35. Ultrasonic ampli¬ 
fier V112 is a conventional, transformer- 
coupled pentode amplifier. The target echo 
signals derived from the transducer are applied 
through relay K101 to the primary of an input 
transformer. These signals are amplified by 
VI12 and applied through a coupling transformer 
to converter Vlll, where they are combined with 
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121 KC 

OSCILLATOR 


100.8 KC 
BFO 



Figure 14-35.—Sonar receiver, block diagram. 


a signal from V102B to produce the IF signals. 
Note that VI02B is the local oscillator previously 
mentioned in conjunction with transmitter cir¬ 
cuits. This circuit arrangement minimizes re¬ 
ceiver tracking problems; if the transmitter 
frequency is altered, the receiver frequency is 
simultaneously changed. 

Intermediate frequency amplifier VI10 is a 
highly selective amplifier-stage. The bandpass 
of this stage is approximately 250 cycles wide 
at the half-power point, which provides a hierhlv 
selective IF stage with a good signal-to-noise 
ratio. BFO V108A and detector V113 convert 
the JF signal into an 800-c.p.s. audible signal 
by heterodyne action and rectification. Diode 
detection is used for combined high efficiencv 
and circuit simplicity. BFO V108A is a con¬ 
ventional crystal-controlled Pierce oscillator 
Bom the IF signal and the BFO signal are ™ 
“ e '“ e ® 0f duo-diode V113. The rectified 
800-c.p.s. difference is coupled to the grid of 
audio amplifier V114 through an RC network 
The amplified 800-c.p.s. output signlT de-' 

veloped at the plate of V114 appears across 
the primary of an audio output transformer 
and is also coupled to amplifier V109B in the 
RCG circuit. The 800-c.p.s. audio signal de 


rived from the secondary of the a# - 
former is delivered to the SONAE Lt 
meter, the audio switching circuits, an 
range recorder through keying relay &i 


ivided by 1 ; 


RCG/TVG CIRCUIT 

Automatic receiver gain is pro 
combination RCG/TVG circuit, Showi^m 
14-36. Time-varied gain is controlled^ 
rectified driver output pulse, where 


ceiver gain is automatically reducec 
to return to a level selected by 
gain control during a time interval 
by the circuit time constant, 
reverberation-controlled gain action, ^ 
by rectified audio signals qbtaine 
verberations immediately following , 
pulse, is allowed to modify the rece ^ 
recovery in proportion to the intens j 

verberations. . mirve' 

Thus, the relative fast recovery 
TVG circuit is slowed down by the kl 
so that reverberations following ■ ^ 
pulse will not overload the recev 
feature also prevents operator fatigu 
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CII2 610 



Figure 14-36. —RCG/TVG circuit, 
simplified schematic. 



Figure 14-37. —Servomechanism, 
block diagram. 


I' high noise level that would otherwise be pres¬ 
ent. 

Visual target indications are continuously 
displayed on the SONAR LEVEL meter and 
permanently recorded by the range recorder. 
When the INTERCOM switch is in the SONAR 
position, audio output signals are supplied 
through headphones and also to an external 
J wire or tape recorder if desired. 


The audio signals from the receiver are 
supplied through keying relay K101 directly 
to the SONAR LEVEL meter, the output jacks 
on the azimuth indicator, and to the range re¬ 
corder. The SONAR LEVEL meter continuously 
’indicates the amplitude in decibels of the re- 


v ceived signal. 

a 

i 


TRAINING CONTROL CIRCUIT 


A training control circuit, composed of a 
closed-loop servomechanism, is incorporated in 
15 the azimuth indicator to provide continuous con¬ 
trol of the horizontal rotation of the transducer. 
’To minimize noise due to turbulence at the face 
*of the transducer, the free-flooding ball section 
3 of the sonar dome is rotated as a unit. Thus 


the water immediately surrounding the trans¬ 
ducer itself is relatively calm during rotation. 

The closed-loop servomechanism, figure 14- 
37, is basically a conventional circuit having a 
synchro control transformer as the error meas¬ 


uring device and a flux-valve compass as the 
transducer bearing transmitter. Transducer 
training orders are introduced mechanically 
into the servomechanism through the rotor of 
control transformer B202 either from the step¬ 
training mechanism or by means of the hand- 
wheel on the front of the azimuth indicator. 


The rotor of the control transformer is 
mechanically linked to a compass dial-bearing 
indicator on the front panel of the azimuth 
indicator. Thus, the ordered transducer bear¬ 
ing is continuously displayed to the sonar op¬ 
erator. A variation adjustment incorporated in 
the compass dial indicator provides for insertion 
of compass variation correction. 

Transducer bearing information is supplied 
to the stator of control transformer B202 by 
flux-valve compass G401, which is mounted on 
the bottom of the ball section of the sonar dome. 
The characteristics of the compass are such 
that the output voltages are developed at twice 
the frequency of the input voltage. In this cir¬ 
cuit, the input voltage to the compass is a portion 
of the 400-c.p.s. a-c system voltage. Hence, 
the frequency of the output voltages to the stator 
of B202 is 800c.p.s. The 800-c.p.s. error signal 
developed across the rotor of B202 during train¬ 
ing operations is supplied to the servoamplifier. 

In the servoamplifier, the error signal is 
amplified, compared with an 800-c.p.s. refer¬ 
ence voltage, and converted into a d-c error 
signal by a phase-sensitive detector circuit. 
The d-c error signal is further amplified by 
two balanced d-c amplified stages and employed 
to control the operation of the power output 
stage. 

To minimize the weight of the amplifier 
chassis and increase mechanical ruggedness, 
a magnetic amplifier power output stage is 
used. This eliminates the necessity for a high- 
voltage, high-current power supply circuit and 
lowers the overall weight of the equipment. 
The output of this stage supplies the excitation 
voltage for the controlled field of the training 
motor. 
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The ball section of the sonar dome is driven 
through a compound planetary gear train by a 
two-phase a-c training motor. As previously 
stated, excitation voltage for the controlled 
field of the training motor is supplied by the 
servoamplified output, and excitation voltage 
for the fixed field is supplied by the 400 c.p.s., 
a-c system voltage. Since the servoamplified 
output signal is a function of the input error 
signal and is thus dependent on the initial trans¬ 
ducer bearing error, the sonar dome ball section 
is automatically rotated in the direction required 
to reduce the error. 


INDICATION CIRCUITS 


One of the equipment features is a depth and 
cable length indication circuit. DEPTH meter 
M202 on the azimuth indicator shows the depth of 

the sonar dome. 

A bridge circuit is used as the means of 
measurement for height and cable indications. 
Figure 14-38 shows that this circuit is con¬ 
trolled by two special potentiometers-a con- 
ventional one with a special taper which is 
Ictuated when the reel drum turns and a 

nrlssure-actuated potentiometer in the sonar 

dome actuated by water pressure. Source 


voltage for the circuit is the 150 volbd-c 
supply line. .< 

To provide positive indication that the sonar 
dome is submerged below the surface o: 
water, there is an indication circuit employing 
a blue DOME SUBMERGED lamp, 1205, located 
on the azimuth indicator. Variations in voltage 
across R401, the depth-pressure potentiometer 
provide the dome-submerged indication. 

When the wiper of R401 is a ground (sona 
dome not in the water) the plate current of 
V206B is high, energizing K204. When K204is 
energized, the DOME SUBMERGED lan$ is 
not lighted. Relay K203 is energized, opening 
the 115 volt, 400 c.p.s. power circuit to the sonar 
dome training circuit. This interlock prevents 
training the sonar dome when it is not submerged 
in water. When the sonar dome is submerged 

to the correct depth, the wiper on depth-pressure 

potentiometer R401 moves toward a more posi¬ 
tive potential, thereby reducing the plate current 
of V206B and de-energizing K204. WhenK204is 
de-energized, the DOME SUBMERGED lamph 
lighted and power is applied to the training cir¬ 
cuits. Should it be necessary to operated 
training circuits while the sonar dome is w 
submerged, relay K203 may be de-energized 
setting SERVO PWR switch S210 in the TEST 


+ 250V 


DOME 

SUBMERGED 

INTERLOCK 

CIRCUIT 


K203 



vJ"C 

TEST 

_ 

r 

tn 


SERVO POWER 
S2IO 



115V 400UI 


|RN S 
)UNTER 
i REEL) 


M202 
DEPTH 
-1— 0- lOO/i A 


Figure 14 - 38 .-Indication circuits, simplified schematic. 
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position. At all other times S210 should be in 
the OPERATE position. 


i 

.LEAKAGE INDICATION 

This circuit provides immediate indication of 
the presence of moisture at the sliprings in the 
top section of the sonar dome or at the sonar 
transducer connection. The indication is dis¬ 
played by a neon bulb LEAKAGE indicator on the 
front panel of the azimuth indicator. 

To conserve space and weight, a modified 
phantom circuit is employed for the leakage 
indication circuit. This circuit uses the driven 
excitation pulse transmission circuit between 
the receiver-transmitter and the sonar trans¬ 
ducer as the primary circuit. One terminal of 
the LEAKAGE indicator is connected through a 
current limiting resistor to the 150 volt, d-c 
operating voltage. The other terminal is con¬ 
nected to the center-tap of driver output trans¬ 
former T102 (fi£. 14-33) in the transmitting 
circuits. Hence, when either of the signal leads 
is grounded by moisture or if enough moisture 
ieaks into the slipring assembly, firing voltage 
s applied and lights the LEAKAGE indicator. 


Mechanical Operation 

Cable Reel RL-152C/ASQ-4 is a compact 
LOist capable of lowering and raising the sonar 
Some from the hovering helicopter. The cable 
eel is composed of a drum on which the cable 
s wound, a drive motor and associated gearing, 
manual (emergency)hoisting mechanism with a 


HANDCRANK V 

(INSERTED)\ 



RELEASE 

KNOB 

Figure 14-39. -Cable reel assembly, 
protective cover removed. 

motor cutout switch, a level-wind, cable-laying 
device, a cross-fork drift sensing mechanism 
and a brake release knob for use when the 
manual hoist is employed. The cable reel is 
mounted on a raised platform, as shown in 
figure 14-39. 

Controls and associated indicators for op¬ 
eration of the cable reel are located on the front 
panel of the azimuth indicator, allowing the sonar 
operator to control the position of the dome. 


QUIZ 


!• The AN/ARC-52 operates in which of the 
following frequency ranges? 

a. HF 

b. VHF 

c. UHF 

d. SHF 


• The AN/APS-82 accurately displays the 
height of any airborne target 

a. above sea level 

b. above terrain 

c. on a conventional PPI presentation 

d. on a B-scope presentation 


3. The RF energy transmitted from the doppler 
radar navigation set will be 

a. reflected back at the same frequency 

b. a modulated signal 

c. a CW signal 

d. used for altitude information 

4. The crystal transducer used in the AN/AQS- 
4D changes electrical energy into acoustical 
energy and vice-versa, by employing the 

a. magneto-striction principle 

b. piezoelectric effect 

c. concept of unlike objects attracting 
each other 

d. characteristic of allowing current to 
flow in only one direction 
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w 

5. The monopulse technique 12. The Ground Speed and Drift Angle Indicator 


a. transmits two pulses 90° out of phase 

b. transmits two pulses 180° out of phase 

c. divides the echo pulse into two pulses 

d. utilizes a beacon station for the second 
pulse 

6. The AN/ARC-52 differs from the AN/ARC - 
27 in that it 

a. offers more possible total frequencies 

b. offers less possible total frequencies 

c. has twice the output power in watts 

d. operates at a higher frequency 

7. The kind of bearing information indicated 
by the transducer bearing indicator is 

a. magnetic only 

b. relative only 

c. true only 

d. either magnetic or true 


in the doppler radar navigation set isused 
to 

a. combine the Vh and Vd information 

b. indicate the airspeed and course 

c. furnish information to the signal data 
converter 

d. measure the distance to the station 

13. (Refer to fig. 14-38.) When the dome isia 
the water, the transducer will not train, ami 
the dome submerged lamps do not light. 
Height and depth indicators read in error, 
A possible cause is that 

a. R230 has opened (right of V206) 

b. S210 is in the TESTposition(aboveaoi 
right of V206) 

c. the solenoid of K203 has opened(above 
and right of V206) 

d. R231 has opened (above and right of 
V206) 


8. Referring to figure 14-38, assume thatR 231 
has opened. Symptoms that might result 
from this trouble are: 

a. dome submerge lamps will be lit at all 
times, but no power will be applied to 
the training motor 

b. dome submerge lamps never light, and 
both height and depth indicators read 
in error 

c. no apparent change in the operation of 
the equipment 

d. height and depth indicators read cor¬ 
rectly, but dome submerged indicator s 
do not light until a depth of 50 feet is 

reached 


9. 


The AN/APS-82 operates in the. 

a. X 

b. S 

c. K 

d. L 


band 


The tone oscillator used in the AN/ARC-52 
T a can only operate at 1,000 c.p.s. 
u is of the Butler type 

* is of the RC type 

d ] is of the Hartley type 

„ t from the crystal mixers in the 

The 0UtP “HaTn”vigation%atwillbe 

doppl er r gum difference, and the two input 

* ^dTflSence frequency only 
b * t u e sum frequency only 
C * !lwavs an RF frequency 


14. The AN/AQS-4D equipment is keyed on 
“Echo-ranging” operation by 

a. a sawtooth generator 

b. a pulse from a multivibrator 

c. a cam operated switch 

d. the step-training motor 


15. The output signals from the signal data con¬ 
verter in the doppler radar navigation id 
will be 

a. d-c voltage, either positive or negative 

b. a-c voltage, of variable phase 

c. analog voltage representing airspew 

d. two analog voltages proportional to 
doppler frequency 


16. The electron tube liquid cooler is neede ° 

a. cool the high voltage power supply 

b. cool the groundspeed computer 

c. keep the antenna system cool 

d. keep the klystron cool 


17. In automatic step training search operatic 

the bearing of the transducer is au 

qally increased in increments of- 

degrees 

a. 5 

b. 10 

c. 15 

d. 20 

18. Hand keying is usually incorporated m3 

equipment to provide rtr ,pration 

a. sector scan for search operati^ ^ 

Vi. r.ommunication b e t w e 


b. communication 
erators 

c. tracking of a known tar 8 et 

d. emergency operation m 
matic keying failure 


of auto- 
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A memory signal is used in the doppler 
navigation set to 

a. stop the computation process when the 
signal is lost 

b. store information until it is needed 

c. hold the equipment in a search condition 

d. allow the equipment to have a wider 
range 

The purpose of the altitude data transmitter 
is to 

a. keep track of the altitude at all times 

b. measure the change of altitude 

c. transmit altitude information to the 
ground 

d. measure the altitude of a target 


21. The purpose of the ground speed computer 
in the doppler radar navigation set is to 

a. display the groundspeed 

b. compute the airspeed 

c. compute heading velocity and drift 
velocity 

d. generate a 400 c.p.s. signal to repre¬ 
sent airspeed 
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CHAPTER 15 

TEST EQUIPMENT 
AND 

MAINTENANCE TECHNIQUES 


As a senior shop petty officer, one of your 
most important duties is to maintain a constant 
auest for ways to improve the working efficiency 
of the men you supervise, There are many ways 
in which this can be done. For instance, you can 
obtain and pass on to the men information on and 
wavs of using special test equipment, informa- 
Hon concerning troubleshooting shortcuts and 
maintenance techniques, and so forth. This type 
S information is usually not found in the Hand¬ 
book of Maintenance Instructions for the aircraft. 
This chapter provides information on the 
‘ „ nn and use of certain test equipment gen¬ 
erally not used daily, but is highly useful when 
eeded It also includes a few items of informa¬ 


tion pertaining to special maintenance andto 
ble shooting problems that may be noted anj 
passed on to your men. There is a vast amoi 
of such information available. It isnotpracticp 
to list all of it in this training course. Thefef 
items and ideas listed here are intended onlyu 
a sample of the TYPE of information for m 
you should watch and listen. For instance, yt» 
should be a regular reader of such publications 
as the Electronics Digest, NavalAir News,M 
the various command publications since ttej 
contain much information of this nature. 
improvement you are able to make in the long 
effectiveness of your men adds directly to tne j 
performance record of your whole organization. 


Special Maintenance Problems 


AO the ceiling for aircraft on extended flights 
u „ raised higher and higher, many new 
has been \ nd maintenance problems 

typ es of op q{ me various.types of 

have developed. ^ generatorSj voltage reg- 
equipmen motors, and solenoids. Elec- 

ulators, ^ generators, inverters, electric 
tr ic brushes “* rotating electrical machinery 
motors, andRapidly at high altitude (around 
wear away very r P brughes have been de- 
40,000 feet)- Spe ufe at hig h altitude, 

ve oped that have use ^ proper type 

Thus, it 13 Rebeck them more frequently 

brushes an ll° de flying is being performed. 

when high al ^ tc hes will break a circui 
While m0St , their contacts may burn and 

^enjound^^is fault. Since electric 


and electronic systems use 
switches for high altitude operation im 
ing a replacement it is necessary to use 

Pr «ms that often fail 
tude flights are electriwlpl^swdeeu the 
A voltage breakdown occurs be 0 , 

and shell along the surface of WW'®' 
terial. The result is a burnedplug^T 
because the breakdown ™^ e ^ do „voWl 
altitude. For example “*e braaM^greaW 
for a 1/4-inch air gap is about 3 ./ 
at sea level than at 40,000 by 

This condition may ^e compel- ^ 
the connector with a p f^ ove rbetweeQpJf 
reduces the probability of ai o ^ ^ ele c^ 

or between pins and the character^ 

connector since the ^V ^ 

of the connector are improve 
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compound will also protect the connectors from 
corrosion or contamination by excluding metallic 
particles, moisture, and aircraft liquids. For 
information regarding the application of a sealing 
compound consult the current publication on this 
subject. 


ADVERSE ENVIRONMENTAL AND 
CLIMATIC CONDITIONS 

In recent years the effect of environmental 
conditions upon the operation of electronic and 
electrical equipment has greatly increased the 
naintenance problems of the technician. These 
eeculiar conditions may be grouped under the 
najor headings of altitude, temperature, and 
tumidity. At the extremes of these conditions 
jpecial maintenance and operating procedures 
Lre required. Equipments required to function 
it these extremes frequently fail due to the ef- 
ect of decreased air density, radical tempera¬ 
te changes, and moisture. 

Continuous damp, warm air causes conden- 
ation of atmospheric moisture within equipment 
nless units are hermetically sealed or the in- 
5riors are maintained at a temperature higher 
ien surrounding atmospheric temperatures, 
ondensed moisture forms leakage paths and 
auses corrosion. These climatic conditions 
romote rapid fungus growth which in itself has 
corrosive effect on materials, such as wire, 
witch contacts, and other metal parts. 

Humidity is a term describing the amount 
: water vapor in the air. It is usually expressed 
3 a percentage of the total amount of water the 
r can hold at a given temperature. Thus, 50 
ircent means the air contains one-half the total 
iter it can hold,'and 100 percent means it con- 
ins all it is capable of holding. Air can hold 
ore water as its temperature increases. In 
opical areas the humidity varies between 60 
ld 100 percent. This high humidity accounts 
r the condensation of moisture, or sweating, on 
rious parts of electronic equipments when 
ey undergo temperature changes. Condensed 
disture on insulating materials reduces their 
sulating qualities and results in arc-overs and 
orts between terminals. The water vapor also 
netrates into the body of insulation, is ab- 
rbed, and causes similar effects. Highhumid- 
also causes corrosion of metals. Other 


sources of moisture which cause deterioration 
include fog, salt spray, and rain. 

In general, equipment may encounter extreme 
temperatures, ranging from minus 65° F. to a 
maximum of 135° F., under various climatic con¬ 
ditions of high, humidity, fog, rain, salt spray, 
salt air, cold, insects, fungi, and dust. High 
temperature and moisture vapor cause rapid 
corrosion. Fungus and bacterial growths pro¬ 
duce acids and other products which speed cor¬ 
rosion, etching of surfaces, and oxidation. This 
interferes with the operation of moving parts, 
screws, and so forth, and causes dust between 
terminals, capacitor plates, and other parts, 
which produces noise, loss in sensitivity, and 
arc-overs. 

Variations of temperature cause moisture to 
be breathed through any small cracks, pinholes, 
or vents in the equipment. As the temperature 
rises, the air inside a piece of equipment ex¬ 
pands and it is expelled, in part, through the 
openings and vents. When the temperature falls, 
the air inside the equipment contracts and outside 
air is admitted through all openings and vents. 
The moisture which is breathed destroys the 
insulating qualities of dielectrics and corrodes 
metals. 

Fungus is a form of plant life which feeds on 
materials of vegetable and animal origin in¬ 
cluding paper, cotton, and so forth, and such 
things as dead insects and other fungi. These 
may be spread by wind, dust, dirt, and insects, 
such as ants, flies, and mites. Growth may take 
place on materials other than those of organic 
origin if a spot of dust or other nutrient sub¬ 
stance is present. Fungi thrive in the high 
humidities and temperatures. Fungus growth 
causes decay, accelerates the deterioration of 
insulating materials, and short circuits items 
such as relays, jacks, and keys. The inclusion 
of a fungicidal compound in the manufacture of 
the equipment retards the growth of these fungi. 

Most new equipment is given a climatic de¬ 
terioration prevention treatment whichprovides 
a reasonable degree of protection against fungus 
growth, moisture, corrosion, salt spray, insects, 
cold, desert heat, and so forth. The treatment 
involves the use of a lacquer or varnish coating 
material applied with a spray gun or brush. De¬ 
tailed instructions dealing with this treatment 
may be found in the General Instructions Hand¬ 
book, T. O. No. 16-1-41. 
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RADIO NOISE INTERFERENCE 

Suppression of radio interference is a task 
of first importance to maintenance personnel. 
The problem has increased in proportion to the 
complexity of both the electric system and the 
electronic equipment. The aircraft, the engine, 
the electric system, and the electronic equip¬ 
ment are involved in the problem. Almost every 
component of the aircraft is a possible source 
of radio interference, which is the main factor 
in preventing the operation of receivers at full 
sensitivity. All personnel concerned should be 
familiar with the problem of radio noise and how 
to eliminate it. 

The overall effect of radio interference of 
any kind is to impair or deteriorate the per¬ 
formance and reliability of radio and electronic 
sets or systems. The interference may act di¬ 
rectly by actual deterioration of the equipment 
response, or indirectly by wearing down the 
patience and tolerance of the human operator. 
Either way, the result is the same, since combat 
efficiency is materially reduced. 

you should know the following: 

X, what radio interference is. 

2. Where the interference originates. 

3 ! How it gets into equipment. 

4 . How to identify it. 

5. How to suppress it at its source. 

6*. How to segregate its path of entry into a 
receiver. 

7. How to prevent its entry into a receiver. 

8 * What considerations enter into the design 
of an interference-free equipment. 

9 How to position and install electrical and 
electronic devices. 

This information is presented in detail in the 
Reduction of Radio Interference in 
vAer 16-1-521. Some of the most 
this information will be presented 
1 following pages. 


publication, 
Aircraft, N 
important 0 

briefly in th 


Sources of Radio Noise 


^ nriffin or sources of radio noise are di- 
Z three general groups. These are at- 
vided heric static, precipitation static, and man¬ 
made ^uerifstatic, or “atmospherics * is a 
Atmospnf 1 * nergy caused by electrical dis- 
burst of RF e a ^ y sphere . Although the fre- 
charges M of atmospheric static 1S ve £ Y 

qU ency ^frequencies in and below the high¬ 
wide, omy 


frequency band propagate far enough to be very 
troublesome at long distances from the electrical 
disturbance. Therefore, UHFandVHFreceiwn 
are seldom troubled by atmospheric static. Re. 
duction of such static is obtained by use of fre¬ 
quency modulation, directional antennas, ii 
noise-limiter circuits. Frequency moduMa 
is not used extensively in aircraft radio cod- 
munication because of the bandwidth require¬ 
ments. 

Precipitation static is caused by the develop¬ 
ment of large static charges on the aircraftmen 
it is flown through snow, rain, ice crystals, or 
dust clouds. An aircraft can build up a chairge 
of several hundred thousand volts in a few sec¬ 
onds. The resulting high voltage gradients a! 
extremities and sharp points exceed the break¬ 
down strength of air and cause noisy corona 
discharges. The conventional radio‘antenna, 
which must stand away from the bodyofthe air¬ 
craft to be of effective height, is exposed to hi# 
electric fields. This means that corona dis¬ 
charges occur first in the antenna system, the 
very place that is most sensitive to noise. Pre¬ 


cipitation static is reduced by using a completely 
insulated antenna system—that is, byusinghighly 
insulated wire instead of bare wire, and by in¬ 
sulating all connections and supports for the 
antenna wire. Precipitation static is reduced 
also by eliminating all sharp metal projections 
from the aircraft and by installing dischargers, 
which quietly discharge accumulated static 
charges at a high rate. A discharger consists^ 
silver-impregnated cotton wicking encased ini 
flexible plastic tube with an aluminum mounts 
lug. The many fine high-resistance fibers pro¬ 
vide a multitude of discharge points. There 
suiting discharges are quiet up to very high cur¬ 
rents. For detailed information onprecipita 
static refer to NavAer 16-1-518, Handbook 
spallation and Maintenance Instructions , AW' 
Precipitation Static System . . 

The effect of precipitation static is a 
hissing or frying noise from 
headset of radio equipment and taterf 
(grass) on the picture tube of visua ou ^, - 
ceivers. As ail AT you should beconcem^^ 
precipitation static since it is 
when the aircraft is flying. Also, th P' ^ 

measures that are taken are the 5 P' eawr « 

sponsibility of your rating. You sh° uitj 
of its characteristics for there 1 P ^ 
that you will have to correct fo' J\ static- 
ference that is caused by P re ^P tat will** 
Unless you know its characteristics y 


Digitized by 


Google 


Chapter 15—TEST EQUIPMENT AND MAINTENANCE TECHNIQUES 


**be able to determine that the equipment for 
itowhich you are responsible is not causing the 
^trouble. 

$ Manmade radio noise is caused by electrical 
^transients which occur during the operation of 
nlielectrical or electronic equipment. In brief, 
^manmade radio noise will be generated when¬ 
ever an electrical circuit is opened or closed 
a,abruptly, such as by a relay, commutator, or 
other make-and-break devices. A similar con- 
edition exists when large amounts of current 
6 are periodically and abruptly started and 
.jstopped, as in radar circuits. An electric spark 
g is a generator of electrical disturbances which 
^appear to cover the entire radiofrequency spec¬ 
trum. 

j The principal sources of manmade radio in¬ 
terference in aircraft are rotating electrical 
machinery, switching devices, pulsed electronic 
^equipments, transmitter spurious emission, ig- 
*nition systems, propeller control systems, re¬ 
ceiver oscillators, nonlinear elements, a-c 
''power lines, and voltage regulators. As an AT 
'you will not be concerned with all of these 
j!' sources. Those with which you should be familiar 

* are briefly discussed. 

* 1. ROTATING ELECTRIC MACHINES are a 
s major source of radio interference. The types 
jof interfering voltages generated by d-c ma- 
1 chines are: (1) Switching transients as the brush 

moves from one commutator bar to another. 
This is usually called commutation interference; 

\ (2) Random transients caused by varying con- 
: tact between brush and commutator. This is 
’usually called sliding contact interference; (3) 

| Audiofrequency hum (commutator ripple), and 
(4) Radiofrequency and static charges built up 
on the shaft and rotor assembly. 

Direct-current motors used in aircraft sys¬ 
tems are of three general types: series wound, 
shunt wound, and permanent magnet field. The 
field windings of both series- and shunt-wound 
motors afford some “padding” or filter action 
against transient voltages generated by the 
brushes. The permanent-magnet motor’s lack 
of such inherent filtering makes it a very com¬ 
mon source of interference. It must be em¬ 
phasized that the size of a d- c motor has little 
bearing upon its interference generating char¬ 
acteristics. The smallest motor aboard may well 
be the worst offender. 

The output of an ideal a-c generator is a pure 
sine wave. A pure sine wave voltage is incapable 
of producing interference except at its basic 
frequency. However the ideal waveform is diffi¬ 


cult to produce, especially in small machines. 
Practically all types of a-c power generators 
currently used in naval aircraft have beenproven 
to be potential sources of interference at other 
than the output power frequencies. This inter¬ 
ference is produced in the form of (1 )harmonics 
of the power frequency, caused by poor wave¬ 
form, (2) commutation interference (series- 
wound motors), and (3) sliding contact inter¬ 
ferences (alternators and series-wound motors). 
It should be noted that a-c motors that do not use 
brushes are almost never sources of interfer¬ 
ence. 

2. SWITCHING DEVICES make abrupt 
changes in electric circuits. Such changes are 
accompanied by transients capable of interfering 
with the operation of radio and electronic sys¬ 
tems. The simple occasionally operated manual 
switch is of little consequence as a source of 
interference. Examples of frequently operated 
switching devices capable of appreciable or 
serious interference are relays, vibrators, and 
thyratrons. 

Since relays are used almost exclusively to 
control large amounts of power with relatively 
small amounts of power, they are always poten¬ 
tial interference sources. This is especially 
true when they are used to control inductive 
circuits. Relay actuating circuits should not be 
overlooked as interference sources, because 
even though the actuating currents are small, 
the inductances of the actuating coils are usually 
quite high. It is not unusual for the control cir¬ 
cuit of a relay to produce more interference than 
the controlled circuit. 

Induction vibrators are essentially double¬ 
pole double-throw relays which operate at a 
constant rate. As in any induction type switch 
or relay, there are two sources of switching 
transients, the inductive field contacts and the 
switching contacts. The output waveform of the 
vibrator is essentially rectangular at some au¬ 
diofrequency. Its harmonic content is high and 
filtering is difficult. 

Because of its interfering capabilities, the 
vibrator is seldom used as a radio power source 
in naval aircraft except for certain commer¬ 
cially available radio equipments found in small 
auxiliary aircraft. The principal use of inductive 
vibrators in naval aircraft is in connection with 
jet engine ignition systems. 

Thyratrons are gas filled, grid controlled, 
electronic switching tubes which are used for 
many purposes. Among the most common uses 
are keyer tubes in radar modulators, rectifiers 
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in regulated power supplies, rectifiers in servo 
systems, and relay applications. The current 
flow in a thyratron is either all ON or all OFF; 
there is no in-between. Since the time required 
to turn a thyratron ON is only a few microsec¬ 
onds or less, current waveforms in thyratron 
circuits are always steep fronted. As a result, 
they are rich in radio interference energy. 

3. A NONLINEAR ELEMENT may be de¬ 
fined as a conductor or semiconductor whose 
resistance or impedance varies with the voltage 
applied across it. Nonlinear elements thay may 
cause radio interference in aircraft, in the order 
of their commonness, are overdriven vacuum 
tubes, oxidized or corroded joints, cold solder 
joints, and unsound welds. In the presence of 
strong signals a nonlinear element behaves as 
a detector or mixer, producing harmonics and 
sum and difference frequencies from signals 
applied to it. 

4. ALTERNATING-CURRENT POWER 
SOURCES produce radio interference of abroad- 
band nature. In a-c powered equipments, a-c 
hum may appear at the power frequency or at 
the rectification ripple frequency. The ripple 
frequency of a full-wave rectifier is twice the 
power frequency times the number of phases. 
Normally, aircraft systems utilize only single- 
and three-phase sources at400c.p.s. Full-wave 
rectification of single-phase, 400 c.p.s. power 
o-ives a ripple frequency of 800 c.p.s; a three- 
nhase source yields 2,400 c.p.s. This ripple can 
induce interference varying from annoyance to 
Smmlete unreliability of equipment, depending 
on its severity and its coupling to susceptible 

elements. 

Suppression of Manmade Radio Noise 

„ ^pqsion of radio noise has advanced to 

.. S where the proper application of avail- 

tt> e P°™ inues will insure that receiving equip¬ 
age techniques m ^ ^ operate ^ 

m ent inSta “ , cy . The suppression or elimi- 
optimum effi * radi0 noise ls based on the 

nation of ma manmade it can be man- 

premise that of suppression techniques 

corrected. Four yp 

are involyect. and most practical 

isolation noise suppression and revolves 
method of ra ^ s 0 sibili ty of separating the source 
around the P a in put circuits of the re¬ 
ef radio noise from Ag ev ery radio 

ceiving can be considered a small trans- 

nois e s 


mitter, it is obvious that the radio noise: 
and leads carrying radio noise energy 
be kept as far away from receiver antei 
lead-ins as possible. In many cases, 
noise in a receiver may be entirely eliminated; 
simply by moving the antenna lead-in wire jral 
a few inches away from the source of- radio 
noise. The value of sufficient separation^ 
tween sources of radio noise and receiver ; i$*l 
circuits is not apt to be over-emphasized.^ 
isolation method of radio noise suppressions 
very popular as it has the advantages ^ 
requiring any additional material or adding^ 
additional weight. ^ 

Bonding is a very necessary means of radio 
noise control. It provides grounding of aU<in- 
sulated conducting objects on the exterior offe 
aircraft. When conducting objects arep 
grounded, flight through precipitative we'a% 
conditions causes high-voltage charges to 
up on those objects. Repeatedly, the voltage 
high enough to spark over to an adjacent grand 
member or the object discharges to thessw* 
rounding air by corona conduction. Either mods 
of discharge causes considerable radio noise, 
Other important functions of bonding a^eto 
protect the aircraft and personnel from lightning 
discharges by equalization of potentials produced 
which might cause arcs and sparks in the air¬ 
craft structure, to provide a homogeneous coun¬ 
terpoise for radio transmission and reception, 
to provide power current return paths, 
provide a short path for bypassing RF noise# 
electronic equipments should be grou 
aircraft structure. This will be dor 
short bond straps or by sheets of high ; )®' 
ductivity (copper or aluminum) metal wne/e 
is impossible to use a short bond strap. No 
strap should be more than four inches inlenF" 
Shielding is one of the most effective mettou 
of suppressing radio noise. The primary P 
in shielding is to electrically “bottle 
radiofrequency noise energy. InpracticaijF 
cation, this means that the radio n0ise 
must be kept flowing along the inner sur» 
the shield. The use of good shielding ’SF 
ticularly effective in situations me ^ 
cannot be used and are notparticuiarlyen ^ 
when they are used. A good examp rma radio 
where radio noise energy radxa e rS yigj 
noise source and the radiate ,JL c0 n 

up by the various circuits thateven^ 

to the receiver input circuits. num ber d 

it would be impractical to filter ^ 

leads or-units that are influenced by 
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* noise energy; hence, the application of effective 
shielding at the noise source itself is advisable 

» for it will eliminate the radiated portion of the 
!* radio noise energy by confining it within the 
a shield at its source. 

k Radio interference as radiated or conducted 
a from a source may be of a single frequency or 

* may cover an extended band of frequencies. When 
bonding, shielding, or isolation of the source 

* proves ineffective as a means of reducing radio 
*■ interference, it becomes necessary to employ 
^ filters to accomplish this reduction. A filter is 
i! defined as “a selective network which transmits 

freely electric waves having frequencies within 
one or more frequency bands and which atten- 
® uates substantially electric waves having other 
li frequencies.” The size of a filter may vary 
P widely depending on the voltage and current re- 
P quirements as well as the degree of attenuation 
P desired. Filters are usually incorporated in 
P equipment known to generate radio interference, 
P but these filters are often inadequate, and in 
f many cases it is necessary to add filters ex- 
i! ternal to these equipments. This is especially 
b true if the source of interference is coupling 
% interference to paths of entry to a receiver 
I other than the power line. 

£ The types of filters used in the reduction of 
i radio interference vary with the application, 
t but each of the general filter types maybe found 
i to be particularly adaptable to some specific 
f situation. Most of the electrical devices con- 
I nected to power lines have features required 
1 for their operation, which are conducive to the 
i generation of radio interference. The inter- 
I ference generated by these devices, unless 
i properly attenuated, is impressed upon the power 
I lines and conducted to the receivers. It may also 
i be conducted into the receivers by inductive 
i coupling to other wiring associated with the re¬ 
ceivers. This interference, unless attenuated by 
means of filters, is then transmitted along these 
power lines, entering the receivers at the power 
line input; or this interference may be radiated 
somewhere along the power lines and enter the 
receiver by means of the antenna system. 

Filters are of four kinds and are defined as 
follows: 

LOW-PASS FILTER, which introduces negli¬ 
gible attenuation at all frequencies below a cer¬ 
tain frequency, called the cutoff frequency, and 
relatively high attenuation at all higher fre¬ 
quencies. 

HIGH-PASS FILTER, which introduces negli¬ 
gible attenuation at all frequencies above a 


certain frequency, called the cutoff frequency, 
and relatively high attenuation at all lower 
frequencies. 

BAND-PASS FILTER, which introduces neg¬ 
ligible attenuation at all frequencies within the 
range between two frequencies, and relatively 
high attenuation at all other frequencies. 

BAND-ELIMINATION FILTER, which in¬ 
troduces negligible attenuation at all frequencies 
outside a certain range, and relatively high at¬ 
tenuation at all frequencies inside that range. 
(NOTE: For information that covers the theory 
of operation of these filters refer to NavPers 
10087, Basic Electronics.) 

The normal characteristics of a filter are 
obtained only when the filter is properly ter¬ 
minated in its characteristic impedance. 

A wave trap is a filter or network especially 
designed to reject certain frequencies, or bands 
of frequencies. Networks of this type may be 
installed at the antenna of the transmitter or 
receiver in order to attenuate frequencies out¬ 
side of the assigned frequency range of the 
equipment. All such networks must have low 
insertion loss, or attenuation, for the pass fre¬ 
quencies. In the design and construction of wave 
traps, the insertion loss is usually below 2 db. 

There are two basic circuit configurations 
for filter networks, the pi-section and the T- 
section. Each may be broken down into half 
sections which have an inverted L-shape and 
are known as L-section filters. If a number of 
pi- or T-sections are connected in series to 
form a filter, the resultant network is called a 
ladder network. Any of the above circuit con¬ 
figurations may be used for radio interference 
elimination. 

In general, the use of simple capacitor fil¬ 
ters is to be preferred over that of the more 
complicated network filters in cases where this 
type of filter provides the required degree of 
radio interference attenuation. In this method, 
the radio noise energy passes through the 
capacitor to ground and then back to its source. 
This short-circuiting effect is due to the fact 
that the capacitor offers a very low impedance 
path across the noise source terminals. 

A given capacitor is effective in bypassing 
only a limited range of radio interference fre¬ 
quencies because of its internal inductance and 
the inductance of the connecting leads. The in¬ 
ductance of the capacitor depends upon its ca¬ 
pacity, the material of which it is fabricated, and 
the length of the connecting leads. The capacitor 
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leads are the major contributors to the induct¬ 
ance of capacitors. For these reasons, small 
mica capacitors with short leads are more ef¬ 
fective as filters at high frequencies than large 
paper capacitors with normally long leads. 
Electrolytic capacitors should never be used as 
filters because of the danger of dielectric 
breakdown. 

The popularity of the capacitor type filter is 
due to the fact that the current used for opera¬ 
tion of the radio noise source does not have to 
pass through the filter. The only energy passing 
through the filter is the radio noise energy. The 
most important limiting factor in the choice of 
a capacitor-type filter is the breakdown voltage 
rating of the capacitor. It must be well above 
the voltage used to operate the source of radio 
noise to be filtered. For example, where a 24- 
volt source of noise is to be bypassed with a 
capacitor, the working voltage of the capacitor 
should be at least 50 volts. 


DEFINITIONS FOR AIRCRAFT 
ELECTRONICS 

Oftentimes it is difficult to understand just 
what someone has in mind when he is referring 


to electronic equipment. Terms such as com¬ 
ponent, part, subassembly, assembly, unit, 
group, set, system, accessory, and attachment 
are used to describe this equipment. Onepersoi 
will use one of these terms when referring toi 
particular equipment and another will use an¬ 
other of the terms to refer to the same equip¬ 
ment. This results in confusion and mis¬ 
understanding. 

BuAer Instruction 10550.14A sets forth 
standard definitions for electronic equipment, 
The information that follows defines the various 
terms and gives examples of their application. 
(See fig. 15-1.) 

An accessory is a part, subassembly, oras- 
sembly designed for use in conjunction with or 
to supplement another assembly, or a unit or 
set, contributing to the effectiveness thereof 
without extending or varying the basic function 
of the assembly or set. An accessory may« 
used for testing, adjusting, or calibrating pur¬ 
poses. 

An attachment is defined as apart,subas¬ 
sembly, or assembly designed for use in con¬ 
junction with another assembly or a unitorse, 

contributing to the effectiveness thereof by ex¬ 
tending or varying the basic function of 
assembly, unit, or set. 


Maintenance Techniques 


BRUSH CONTOURING DEVICE 

fmm t0 r6 “ iVe optlmum Performance 

from rotating machines that utilize brushes it 
is important that the brushes make proper con 
tact with the commutator or sliprings^Inspec 
tiousofgenerators and motors have revealed 
that faulty operation is caused in many cases 
because the brushes do not properly fit the 
commutator or sliprings. This could be caused 
by the brushes having not been properly r™_!n 
when they were installed. P y 1111 ln 

The discussion that follows describes a 
brush contouring device that can be easily cm, 
structed at most electric shops IllrLl T 
used, it wili insure proper brush seaW and 
also save much time. Should you decide Zf ° 
struct one of these devices vou m-,,, ld ! t0 con " 
follow the exact procedure that fouSws^w° 
ever, the information that is given shonfri 
helpful as a guide. ^ prove 


Figure 15-2 shows the ‘ ^ 

that are needed for constructing the devi 
figure 15-3 shows an assembled view, 

The following materials are needed (refers 
fig. 15-2); 

1. One piece of laminated plastic { 

x 1/2 inch. . dr illed 

2. One brass disk (B), one inch thick, 

in center to receive bolt for mounting* 

3. One piece of angle aluminum (G* 

2 1/2 inches. .. o\l\ 

4. One piece of 1/8 inch plastic (ui 

x 3 inches. . u 

5. One bolt (E) for mounting 

instrument mounting screws. One 
screws to be fitted with a wingnut. ^ 

Part (B) must be turned on a . w, the 
diameter is critical. This part m 1 gjjprW 
same diameter as the commutator 
for which the brush is being fitted. 
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AIRCRAFT 

ELECTRONIC 

EQUIPMENT: 


EVERYTHING ELECTRIC 
AND ELECTRONIC ABOARD 
THE AIRCRAFT. 


SYSTEM: 


t 

SET: 


GROUP:- 


A COLLECTION OF UNITS 
BELONGING TO A SET, BUT 
WHICH DO NOT PERFORM 
A COMPLETE FUNCTION. 


t 

UNIT: 


▼ 

assembly: 


t 

subassembly: • 


t 

PARTS!' 


COMMUNICATIONS SYSTEM 
RADAR, 

NAVIGATIONAL AIDS 
ELECTRIC POWER SYSTEM 
ETC. 



A COMBINATION OF TWO OR 

I 


MORE SETS, EACH OF WHICH 

1 


PERFORMS A SEPARATE FUNCTION. 

I 

r 




A COLLECTION OF UNITS 

[ 

-► 

(OR ONE UNIT) imiCH 

r 



l 


FUNCTION. 




MODULATOR 

"~7" 1 


itlD-FUSELAGE RADAn 
GROUP 


TRANSMITTER! |RECEIVER] 


A SINGLE PACKAGE COKTAINl IG 


ONE OR MORE ASSEMBLIES, 

r 

WHICH PERFORMS A SPECIFIC PART 

l 

OF A SET’S FUNCTION. 



TRIGGER ASSEMBLY I 

- 7 -’ 


TRANSMITTER 

z \ 


PULSE FORMING NETWORK 



Figure 15-1. —Definitions for aircraft electronics. 
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(A) 


Figure 15-2. —Parts required for con¬ 
touring device. 




Figure 15-3. Assembly of contouring 
device. 


The following steps should be used wh 
contouring brushes: 

1 Loosen the adjusting bolt in the elongate 
slot in part (C). ^ 

2. Using an old brush removed from t 
generator, motor, or electrical starter, pi a 


brush against the angle aluminum, part (C), 
moving angle until brush contacts brass disk 
throughout its contoured surface. Lock part 
(C) with wingnut. CAUTION: Use properly 
seated brushes for step 2. 

3. One person then holds a strip of very 
fine sandpaper, 1 inch wide, on outer diameter 
of brass disk, and pulls the ends alternatelyback 
and forth, keeping sandpaper taut. The other 
person holds a new brush against part (C) and 
pushes lightly against the sandpaper until the 
proper contour is formed on the brush end, 
NOTE: Be careful to keep brush tight against 
part (C) during contouring. 

By contouring brushes with this device in¬ 
stead of in the generator, all carbon, dust, grit 
and so forth are kept out of the genera or. 

Moreover, the brush surface will be contoured 
at the correct angle with respect to the longi¬ 
tudinal axis of the brush. With the device, less 
run-in time is required, there is less chanced 
generator failure due to brushes heating, a® 
excessive commutator and slipring wear 
eliminated. 


TESTING AN CONNECTORS 

In the course of normal troubleshooting, 

AT very often has occasion to gain acces 
circuit through an AN connector Th 
nectors are convenient for obtaining 
checks, and for making resistance or ; 
tests. In some cases, the connector -m f ; 
found to be faulty. Next to broken or 
joints in the back of the connector pi > ^ 

common fault of connectors is loss 
contact between pins and receptee e * 
ceptacle may be "sprung” from a p y ^ 
or repeated connecting and disconnec ■ 
this occurs, the receptacle does no ^ 
pin with sufficient tension to maintains 
trical contact. 

Connective tension may be ® eC one sshom I 
use of test devices similar to { orS ar« 
in figure 15-4. Old ignition lead conn ^ 
used for handles in this case, ’ .gd ^ 
suitable material may be used. e gteel 
secured within the phenolic han ^ 
pins machined to the proper diam ^ 
in table 15-1. (Brass pins from ®, ick iy.) 
nectors may be used, but they wear 

To use a test pin, it is inser . ^gut, 
depth in a receptacle, then pulled ^eis’ 
with no side pressure. A defectiver.. 
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Table 15-1 .-Connector pin sizes and separating forces. 


| Connector 
sizes 

Pin size 
±0.0001 

Force in pounds 

Maximum 

Minimum 

16 

0. 0625 in. 

3 

1/4 

12 

0. 094 

5 

1/2 

8 

0. 142 

10 

3/4 

4 

0. 225 

15 

1 

0 

0. 357 

20 

2 


indicated by a lack of grip on the test pin. A 
spring scale, or weights of appropriate size, are 
used to make an accurate check. However, 
retracting-force requirements are quite broad, 
so that adequate “feel” may be developed, and 
thus speed up the work. 



Figure 15-4. —AN connector and test 
device. 

In addition to checking connective tension, 
the test devices may be used as adapters. Each 
test device may include a female receptacle in 
the end opposite the male testing pin. This re¬ 
ceptacle is drilled to an inside diameter to ac¬ 
commodate the standard voltohmmeter test 
probe. By selecting the test device adapter with 
the correct size pin, a secure test connection 
may be made to any size connector receptacle. 
The voltohmmeter probe may then be inserted 
into the drilled receptacle; thereby, it will not 
lave to be held by hand in a receptacle too large 
tor it, nor will it “spring” a receptacle that is 
:oo small. 


ELECTRICAL RELATIONSHIPS 

Figure 15-5 shows formulas that can be 
used for determining electrical or associated 
relationships. 




PO«R fACTOR A i ag . l 


RATIO 


NAUTICAL MILE . TM 
STATUTE NILE «*0 


CIRCULAR NILS - SO NILS > 0.78M 

ONE RADIAN- 

RAOIANS — DEGREES I OOI7S 

SECONDS Of ARC-20C2SJ- - ^**,” l * 0 ‘ 

NINUTES Of ARC—SAM— HS^SL 


Figure 15-5. —Electrical or associated 
relationships. 


RADAR TROUBLESHOOTING 

Efficient troubleshooting calls for an orderly, 
systematic plan of attack. No use leaping from 
one end of the equipment to the other end, guess¬ 
ing that “maybe the trouble is here”. Trouble¬ 
shooting requires a good understanding of the 
theory of operation of the equipment. A visual 
inspection should first be made. When making 
this inspection, look for discolored or burned 
resistors, corroded switch contacts, broken or 
frayed wires, gassy tubes, leaking electrolytic 
or oil capacitors, and loose mechanical as¬ 
semblies. After making the visual inspection, 
refer ’ to the Handbook of Service Instructions. 
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This publication contains circuit breakdown il¬ 
lustrations, tube socket voltage and resistance 
charts, and test bench procedure. All this in¬ 
formation will prove helpful to the technician. 

A list of helpful hints on radar trouble¬ 
shooting follows: 

1. It is generally advisable to take all meas¬ 
urements on all ranges of operation of a par¬ 
ticular radar under test. 

2. Always adjust the radar's crystal current 
before attempting a sensitivity check. 

3. The frequency of magnetrons usually in¬ 
creases with a decrease in pulse width. 

4. Recovery time decreases with a decrease 
of pulse width. 

5. Recovery time decreases with an in¬ 
crease in receiver sensitivity. 

6. Receiver sensitivity usually decreases 
with a decrease in crystal current. 

7. Magnetron frequency decreases with an 
mcrease in reflected load from the antenna. 

8. Frequency pulling by the antenna must be 
checked with the antenna in motion. 

be toe reZ^!™ ^ ^ ^ teSt Can 

a. The magnetron not conducting hard 
enough. 

b. Not enough warmup time. 

c. Low filament voltage. 

d. PRF too low. 

Pulse width too narrow. 

1 0 f ’ Exc ®ssive high or low line voltage. 

cf 10 HK N * ^! ly> returni ng the magnetron to 
standby to allow longer warmup time will ston 
the magnetron from arcing. V 11 St ° P 

11. Local oscillators (klystrons) in radar 
receivers are usually operated above toe mae 

netron frequency in search and below toe be”con 
station frequency on beacon. Deacon 

12. Intermittent troubles can usuallv 
cated effectively by placing^several pfeces of 

test equipment at several points in thf w f 
under test. For example toe trouble to ZT* 
mittent targets. Possible causes could be crys' 
tal, duplexer, magnetron, if strin 

video amplifiers, indicator, power sipnlies n’ 
the antenna. In this case pplies » or 

very easily be the cause of the trouble^^e'fol^ 
lowing checks will help isolate the trouble: 


a. A test scope on the video detectonil 
show whether the trouble is the result of 
magnetron, klystron, IF strip, detectorantena, 
or crystal. If the output here is constant,Ik 
trouble is in the video amplifiers or the indicator, 

b. If the output at the detector is not con¬ 
stant, a meter connected toreadmagnetroncur- 
rent will show whether the magnetronisatfai,] 
While watching the scope, see if the magneto 
current is fluctuating as the targets are lost. 


c. If the antenna is suspected, I 
will usually be intermittent at the 
setting. If it is found that the targets do become j 
intermittent at the same azimuth position of 
antenna, the rotating joint will usually lie 
cause. 

13. Low output power may be the result of; | 

a. Low line voltage. 

b. Bad high voltage rectifiers. 

c. Poor magnetron. 

d. Pulse width too narrow. 

e. PRF too low. 

14. Erratic AFC operation other than to 
AFC units may be the result of: 

a. The antenna pulling the magnetroi 
frequency, causing the AFC to fall out. 

b. Magnetron frequency modulation. 

c. Erratic operation of the local oscil¬ 
lator. 

d. The AFC being set up on the slope 
of the klystron curve instead of at the top. 

15. A little common sense, a basic 
edge, and proper test equipment, can maKe 
ble shooting a radar as easy as troubleshoo 

a radio. . lnff 

While power is important in determi^ 
maximum range, system gain is much more> 
since the effect of the gain in increasing 
is equal to the SQUARE of the effect of the P 
in increasing range. It is therefore imp° 

for the technician to keep the gain, or se 

of the radar at the peak of possible 
The radar receiver should be cer Jr r lm Jos- 
transmitter center frequency, and the - 
cillator must be made to operate at the, 
tron frequency plus the IF center frejF ^ 
The AFC circuits must be accurately 
prevent loss of valuable system gain. 
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Test Sets for Radar Maintenance 


* 

! 

B 

i For effective operation of an aviation radar 
rsystem, it is imperative that its radar set op¬ 
erate at its maximum effectiveness within its 
■designed limits. To accomplish this the techni¬ 
cian must employ the best maintenance tech¬ 
niques and utilize the test equipment to the 
utmost. 

The following discussion on the operation 
and circuitry of various radar test equipments 
is designed to aid the AT 1 & C in furthering his 
knowledge of these test equipments and their 
use in effective maintenance of aviation radar 
sets. The technician should bear in mind that this 
discussion is not a substitute for the test equip¬ 
ment's Handbook of Operation Instructions or 
Handbook of Service Instructions, which should 
be consulted before operating any type of test 
equipment. 


UPM-55 PULSE GENERATOR 

The UPM-55 system is basically a pulse 
generator and a synchroscope combined in one 
unit. Its purpose is to provide, display, and 
measure pulse test signals. The major units of 
the system are the pulse generator case, the 
pulse generator (SG-30/UP), various connector 
adaptors, and the necessary cable and cord as¬ 
semblies. It is designed for portability and the 
maximum weight of the entire equipment is 110 
pounds. 

The main unit of the system id the pulse 
generator (SG-30/UP), which is housed in a 
metal cabinet. (See fig. 15-6.) It has been de¬ 
signed to furnish rectangular voltage pulses of 
adjustable duration, amplitude, and repetition 
frequency. These pulses follow the trigger 
pulses by an adjustable time interval. The equip¬ 
ment may be triggered by an external, or an in¬ 
ternally generated audio signal. Internally gen¬ 
erated pulse, trigger, and audio signals are made 
available at output terminals on the front panel. 
With the synchroscope provided in the same 
unit, the SG-30 is capable of accurately deter¬ 
mining the waveshape amplitude, duration, and 
time relation of the output pulses. 

In actual operation, voltage pulses from the 
pulse generator are coupled to the electronic 
equipment being tested. Output from the equip¬ 
ment under test is then fed back to the test unit 


where it is accurately measured by the syn¬ 
chroscope. 

The general characteristics of theSG-30/UP 
are as follows: 

1. Pulse duration.0.2 to 20 micro¬ 

seconds. 

2. Pulse amplitude.0.5 or less to 45 

volts. 

3. Pulse Repetition 

Frequency.20 to 20,000 pulses 

per second. 

4. Pulse delay.2 to 200 micro¬ 

seconds. 

5. Trigger amplitude. . . .50 volts minimum. 

6. Sweep duration.1 to 625 micro¬ 

seconds. 

7. Sweep delay.2 to 200 micro¬ 

seconds. 

To facilitate circuit analysis of the pulse 
generator it can be divided into five functional 
groups. The block diagram shown in figure 15-7 
shows interrelationships of the circuits em¬ 
ployed. The groups are as follows: 

1. RC Oscillator. 

2. Trigger generator. 

3. Pulse generator. 

4. Display and measuring circuits. 

5. Power supply. 


RC Oscillator 

The RC oscillator has been incorporated in 
the equipment for the purpose of controlling the 
pulse repetition frequency of the output pulse. 
It is a basic Wein bridge RC oscillator with 
minor circuit modifications. By introducing a 
frequency sensitive element in the positive feed¬ 
back, it is possible to control the frequency of 
oscillations. By switching resistors, it is pos¬ 
sible to multiply the fundamental range of 20 to 
200 c.p.s., allowing continuous coverage from 
20 to 20,000 c.p.s. The oscillator is provided 
with an output control and an output connector 
and may therefore serve as an audiofrequency 
test oscillator. 


Trigger Generator 

The trigger generator (fig. 15-8) furnishes 
trigger pulse signals to the pulse generator for 
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Figure 15-6. Pulse generator AN/UPM-55 


initiating output pulse signals and to 
generator circuits for ir2tiatir^ thp h ^ SW ? P 
sweep on the cathode-ray tutfe 
generator circuit contains 7 a oho« The / rigger 
converting the sine-^output^Velfc £ 
cillator to a sq ua re wavp tv»q e os ” 
then coupled to the trigger Wave is 

which furnishes the trigger n^f. OS t !; illator ’ 
and sweep generating circuits ° 6 Pulse 
The function of V301 a fiRMR 
shaper is sufficiently unconventional 3 a PUlse 
special consideration. Figure 15TL?, * arrant 
in connection with the exnlanot- be used 
This figure shows the beam dSHbuti f a 6BN6 ' 
of a 6BN6 under various grid potenUa^ P rn 


The cathode of a 6BN6 emits a focuscdbea® 
of electrons in a manner similar tothatfound 
a cathode-ray tube electron gun. These electrons 
are attracted to the plate, or to the collector, 
depending upon the potentials applied to the hr 
and second grid elements. As the electrons leave 
the cathode, they are accelerated towards 
first electrode, which may be considered as 
“collector.” This electrode has a physical c^' 
struction similar to a box. The factor control^ 
electron fl6w through this box is the potent^ 
applied to the first grid. If the first grid is ^ 
a few volts negative with respect to the cam > 
the plate current is completely cut off• 
to figure 15-9 (A) and (C) for a pictorial diagram 
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Figure 15-7. —Block diagram of pulse generator, SG-30/UPM. 


of this function. Under this operating condition, 
electron flow to the collector structure is in¬ 
creased. The electron beam, therefore, diverges 
from its normal path. Comparatively few elec¬ 
trons are able to return to the cathode through 
the narrow opening on the collector structure 
due to a concentrated space charge and diver¬ 
gence of the electron beam. The field created 
near the cathode is virtually unaffected by the 
potential applied to the first grid. 

Consider now that the first grid has been 
made positive with respect to the cathode. Under 
this condition the electron beam passes through 
the first grid and continues towards the plate 
electrode. As the electron beam emerges from 
the collector structure it is focused by the fields 
created by the collector structure, first grid, and 
second grid. If the potential on the second grid 
is sufficiently negative with respect to the 
cathode, the beam is reflected away from this 
grid and returns to the outside surface of the 
collector structure. (See fig. 15-9 (B) and (D)). 


If the second grid is made positive with respect 
to the cathode, part of the electron beam con¬ 
tinues to the plate electrode. 

As shown in figure 15-9 some collector cur¬ 
rent flows at all times. When either of the con¬ 
trol grids is made more negative, with respect 
to the cathode, than cutoff, the current which 
would otherwise flow to the plate goes to the 
collector and, therefore, increases the collector 
current. The point at which this electron flow 
changes direction is extremely sharp. This 
results in a fast switching action between the 
plate and collector circuits. The cathode current 
remains constant under all grid bias conditions. 
This type of tube operation is utilized in the 
shaper circuit, V301 of the trigger generator. 
(See fig. 15-8.) 

A bias of approximately -8.0 volts is applied 
to the first grid of V301. The second grid is 
supplied with a potential of approximately 65 
volts. With these voltages applied to the grids, 
no plate current flows in the circuit. The RC 
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♦ 220V 



Figure 15-8.—Trigger generator, simplified schematic. 


oscillator s output is applied to the first gri< 
Assuming that this is a sine wave, on the pos: 
tive half cycle the first grid is driven less negz 
tive, causing electron flow to the plate. Th: 
results in reduced collector current andalowe 
voltage drop across R304. C302 couples thi 
rise in voltage to the grid, which results in 
further increase in plate current. This action 
cumulative resulting in a rapid regenerate 
action until the collector current is drastical 
reduced and maximum plate current results 
During the negative cycle of the sine wav. 
the electrons are reflected to the collector thi 
increasing the collector current witha resulti 
low plate current. The output waveform “s 

representation of the instantaneous voltage van 

ations at the collector. As a result oftWs ran 
switching action between the plate and toe cb 
lector, the sine wave output from the RCoscills 
tor is converted to square waves. The soua 
wave output from the shaper is coaled to tt 


driven blocking oscillator through a shorts* 
constant RC circuit consisting ofC 303 ana 


Pulse Generator 

The pulse generator is essentially a ^ 
one-shot multivibrator whose conduction® 
varied by means of a front panel contro• 

pulse generator is preceded by a . p ^fustthe 
circuit which enables the operator to a J 
time at which the pulse is generated re 1 
the trigger pulse. Pulses of either po . 
negative polarity are coupled to a iron 
terminal. 


Display and Measuring Circuits 

The cathode-ray tube ia a three-inch 
type K1065P1. It is characterized by 
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Figure 15-9. —Beam distribution system for 6BN6. 


physical length, flat face, high-light output, and gate generator, a sweep forming circuit, a sweep 
high sensitivity. The tube is provided with a inverter-amplifier, sweep clamping circuits, 
shield cover and a transparent, plastic screen and a pulse disabling circuit. The designs are 

graduated in inches and tenths of inches. conventional with the exception of the trigger 

The sweep generating circuit furnishes de- disabling circuit, which is designed to provide 

flection voltages to the cathode-ray tube for for stable operation of the sweeps for long dura- 

producing the horizontal sweep. This circuit tions and at high repetition rates. A simplified 

consists basically of a triggered multivibrator schematic of the sweep gate generator is shown 
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Figure 15-10. —Sweep gate generator. 


note's oosttV 1t0 ^ thematic, 
p0Sltlve triggering pulses from the 

grid of V901 C ^hft f e applied t0 the contro1 
fh» 9 ’ * trigger dis abler. Assuming 

~ P t P to S the S rl t0 A a * 26r0 p0tentiaI ** 

respect to the cathode, the tube will conduct 

Sfxssft=r,r? -■**»“ 

I™”‘t '° h the '.H'Me, current rnnn* H™ clcn 
through the control grid is drivpn ™^ ? 

the triggering pulses. It is this character^ 7 
S. 1 WhiCh iS Utilized * provide trigge^ as! 

sr-rs lusris* jsrass 

■ 15-11. This pip i S aS '?’™ m figure 
grid of V901. The negative ste^ ® uppressor 
in a nonconducting state for holds V901 

of the sweep. Preventing trigger!^ oim aCktime 
gate generator during this period®M weep " 
back time varies with the dura+i/ s * nceth efly_ 
the capacitor in the differentiate Sweep > 
switched by the SWEEP TIME mK E CO^ 


INPOT TRIGGERS 
TO C9II 


TRIGGERS V90I 
GRID 


TRIGGERS V90I 
PLATE 


GATE V903 
PLATE 


GATE V904 
PLATE 


SWEEP VOLTAGE 
V905-B PLATE 

SHUTOFF PULSE 
V906 PLATE 


DISABLING PULSE 
V902-B PLATE 





A SELECTED TRIGGER INITIATES SWEEP GATE MULTIVIBRATOR 
B TRIGGER REJECTEO BECAUSE OF DISCONNECTING E fpt “ 

OF TRIGGER COUPLING DIODE V902-A 
C TRIGGER REJECTED BECAUSE OF DISABLING PULSE 
FROM V902-B PLATE 

Figur e 15 -11. -Waveforms, sweep 
generator. 
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COARSE, to insure that the time constant is al¬ 
ways long enough to hold V901 for the required 
time. 


SWEEP TIME CALIBRATION 

The marker generator is basically a gated 
Hartley oscillator, followed by amplifier and 
• wave shaping stages. The marker generator 
i furnishes accurate timing pulses of 0.2, 1, 5, or 
\ 25 microsecond spacings. These pulses in the 
i form of pips enable the operator to calibrate the 
sweep trace and measure unknown characteris¬ 
tics of the input signal. The marker generator 
output can be superimposed on the vertical input 
Jj signal, or viewed separately. The generator is 
» keyed by a negative gate pulse from the sweep- 
; gate generator. This accomplishes automatic 
J synchronization with the sweep at all times. 


VERTICAL AMPLIFIER 

The vertical amplifier is preceded by a ver¬ 
tical attenuator circuit providing various voltage 
-*i ratios for its output signal. By means of a front 
‘panel switch, three signals of different origin 
may be applied to the vertical attenuator and 
amplifier. These are (1) a vertical amplitude 
! i calibration signal, (2) an internally generated 
jpulse signal, and (3) an external signal. 

To obtain the vertical amplitude calibration 
/ signal a ripple output from the low voltage power 
supply is capacity coupled to a divider network. 
"This network is composed of a current-limiting 
resistor in series with a parallel circuit of a 
clamper, a limiter, and a variable resistor (fig. 
15-12). The cathode of the clamper is connected 
directly to ground, which prevents any positive 
-excursions of the voltage. A regulated-150 volts 
is applied to the plate of the limiter. With this 
combined clamping and clipping action, a square- 
wave signal of 150 volts peak-to-peak is pro¬ 
duced across the AMPLITUDE-CALIBRATION 
POTENTIOMETER. The potentiometer is ad¬ 
justed for 50 volts peak-to-peak across a divider 
network, furnishing calibration voltages of 0.5, 
5, and 50 volts. 

The internally generated pulse signal may 
be a negative or a positive pulse from the pulse 
generator. An external signal may be connected 
either to the vertical attenuator and amplifier 
3r directly coupled to the vertical deflection plate 
)n the cathode-ray tube. 


FROM LOW V0LTA6E 
POWER SUPPLY 



Figure 15-12. —Vertical amplitude 
calibrator simplified schematic. 


Power Supply 

The power supply furnishes all operating 
voltages for the equipment when supplied with 
103.5 to 126.5 volts, 50 to 420 c.p.s. Regulated 
voltage outputs have been supplied to all critical 
circuits to improve stability and overall per¬ 
formance. The three low-voltage power supplies 
are conventional half-wave and full-wave recti¬ 
fiers electronically regulated. The high-voltage 
power supply consists of two separate half-wave, 
RC filtered, rectifier circuits. One provides the 
cathode-ray tube intensifier anode with a positive 
potential of 2,050 volts. The other provides ap¬ 
proximately a negative 1,950 volts across a volt¬ 
age divider. From the various taps on this net¬ 
work proper operating potentials are obtained 
for correct focusing of the cathode-ray beam. 


RADAR TEST SET AN/UPM-32 

Radar Test Set An/UPM-32 is a portable 
test set designed primarily for use with radar 
sets operating in the frequency range of 8,500 
to 10,500 me. It combines in one test set all the 
functions of a power meter, a frequency meter, 
a spectrum analyzer, a signal generator, and a 
general-purpose synchroscope. Figure 15-13 
illustrates the AN/UPM-32, indicating all of its 
front panel controls. 

The general applications of the test set are 
as follows: 

1. Measurement of power, frequency, spec¬ 
trum, and frequency pulling of conventional and 
multipulsed radar transmitters. 
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2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 


or. i control. 

PULSE OR GATE WIDTH control. 
DELAY MULTIPLIER control. 

DELAY and SWEEP LENGTH switch. 
Cathode-ray tube. 

VERT CENTER control. 

SIGNAL GAIN control. 

SIGNAL WIDTH control. 

Function selector switch. 

SPECTRUM SWEEP FREQUENCY Conti 
Frequency control. 

RF connection. 

ON-OFF switch. 

115 VAC connector. 

SIGNAL connector. 

SIGNAL switch. 


17. TRIGGER IN connector. 

18. EXT MOD connector. 

19. TRIGGER switch. 

20. DBM control. 

21. Indicator light. 

22. FREQUENCY counter. 

23. OSC FREQUENCY control. 

24. ATTENUATION switch. 

25. REFLECTOR control. 

26. METER BALANCE control. 

27. Power meter. 

28. ASTIG control. 

29. MODE GAIN control. 

30. FOCUS control. 

31. INTENSITY control. 
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2. Measurement of sensitivity and band¬ 
width of a radar receiver. 

3. Measurement of the frequency and spec¬ 
trum of a radar-receiver local oscillator. 

4. Adjustment of a radar-receiver local 
oscillator. 

' 5. Measurement of TR recovery time. 

6. Observation of video signals. 

7. Furnishing pulsed, FM or CWmicrowave 
signals. 

From the preceding list of applications it 
should be obvious that the AN/UPM-32 is a very 
versatile test set and may be used in place of 
'the FM Test Set (TS-147)and Spectrum Analyzer 


(TS-148) which have, in the past, had widespread 
usage throughout the fleet in radar testing, 
troubleshooting, and alinement. 


Operating Controls and Indicators 

Table 15-2 lists the operating controls and 
indicators used in operation of the AN/UPM-32. 
Column 1 of the table lists the control; column 
2 lists the number as illustrated in figure 15-13; 
and column 3 lists the functions of the control 
indicated. 


Table 15-2.—Operating controls and indicators of AN/UPM-32 (fig. 15-13). 


Control 

Number 

Function 

115 VAC connection 

14 

Provides connection for line power to test set. 

ON-OFF switch. 

13 

OFF position: Deenergizes circuits. 



ON position: Energizes circuits. 

.ATTENUATION switch-- 

24 

HI position: Sets range of DBM control to HI scale. 



LO position: Sets range of DBM control to LO scale. 

'DBM control- 

20 

Adjusts attenuation of input or output microwave signals. 
Calibrated in dbm. 

^Function selector switch. 

9 

MIXER position: Enables observation of mode pattern 
of test set klystron oscillator. 



NORMAL position: Enables observation of frequency 
spectrum of external RF pulse. 



GATED position: Enables observation of frequency 
spectrum of single external RF pulse from a multi- 
pulsed radar system. 



GATE ADJ position: Enables selection of a single pulse 
from a pulse train for preceding GATED position. 



PWR-FREQ METER position: Enables measurement of 
power and frequency of external RF signals. Also 
enables use of test set as synchroscope. 



PULSE MOD position: Enables operation as an RF pulse- 
modulated signal generator. 



FREQ MOD position: Enables operation as an RF 
frequency-modulated signal generator. 



EXT MOD position: Enables operation as an RF signal 
generator whose modulation is determined by an ex¬ 
ternal signal. If no external modulation is applied, the 
test set operates as a CW signal generator. 

IF connection- 

12 

Provides connection for incoming or outgoing RF signals. 

ieter BALANCE 
control. 

26 

Zeros power meter. 
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Table 15-2.—Operating controls and indicators of AN/UPM-32 (fig. 15-13)-Continued. 

Control Number Function 

Power meter-- 

27 

Monitors standard power reference level (one milliwatt). 

FREQUENCY counter. 

22 

Indicates resonant frequency (in megacycles) to which 
frequency-meter cavity is tuned. 

Frequency control. 

11 

Changes resonant frequency of meter cavity 

SIGNAL WIDTH control. 

8 

MIN position: Minimum pattern width on cathode-ray 
tube. 


CW position: Maximum pattern width on cathode-ray 
tube. _ 

POWER SET control. 

1 

Sets output power of test set klystron oscillator. Maxi¬ 
mum power is obtained with control set fully c oc_^ 

SIGNAL GAIN control. 

7 

Sets vertical deflection sensitivity of cathode-ray tube. 

REFLECTOR control. 

25 

Function Selector switch in MIXER position. Shifts 
klystron oscillator mode horizontally on ca o 
tube. -' 


Function Selector switch in NORMAL or GATED posi 

tions: Shifts spectrum pattern horizontally on 

ray tube. __ 


Function Selector switch in FREQ MOD position, 
radar receiver band-pass curve horizontally 
cathode-ray tube. _-—- 

Function Selector switch in EXT MOD position. A j 
klystron oscillator for maximum power outpu 
particular frequency. --" 

VERT CENTER 
control. 

6 

Sets the vertical position of the trace on the cath 
tube. _—' 

OSC FREQUENCY 
control. 

23 

Sets output frequency of test set klystron oscillator, 

TRIGGER IN 
connector. 

17 

Provides connection for incoming video trigg er 

TRIGGER switch.. 

19 

RF position: Connects detected signal, 
nection, to sweep and pulse-generator cir_—— 

EXT position: Connects external video P^ se ,’ ^ 
to TRIGGER IN connector, to sweep and pux 
generator circuits. _- % 

Cathode-ray tube. 

5 

et IF W®* 1 

Presents (visually) output signals from test c irc® it,r 

plifier, video amplifier, RF mixer, an —-- 

SIGNAL connector. 

15 

Provides connection for incoming video signalj^— 

SIGNAL switch. 

16 

• or to vid e0 

INT position: Connects output of RF mixer ^ 

amplifiers. _____— 

XI, X10, or XI00 positions: Connects e3 f te ^” < j e oard'Jj 
signals, applied to SIGNAL connector, to l010 i, aW 
plifiers. The signals are attenuated by » 

100 to 1, respectively. -— - 
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Table 15-2.-Operating controls and indicators of AN/UPM-32 (fig. 15-13)-Continued. 


_ Control 

Number 

Function 

d bELAY and SWEEP 
— LENGTH switch. 

P 

«c 

12 

4 

Function Selector switch in GATE ADJ, PWR-FREQ 
METER, PULSE MOD, FREQ MOf), and EXT MOD 
positions: Sets sweep length on cathode-ray tube. In 
addition, with the Function Selector switch in GATED 
and GATE ADJ positions: Sets gate delay in conjunc¬ 
tion with DELAY MULTIPLIER control; and with the 
function selector switch in PULSE MOD position: Sets 
pulse delay in conjunction with DELAY MULTIPLIER 
control. 

£ ')ELAY multiplier 
_ control. 

3 

Function selector switch in GATED, GATE ADJ, or 
PULSE MOD positions: Multiplies gate or pulse-delay 
setting on DELAY and SWEEP LENGTH switch. 

Spectrum sweep 

^ FREQUENCY control. 

10 

Function selector switch in NORMAL or GATED posi¬ 
tions: Sets frequency of spectrum sweep generator for 
best spectrum pattern on cathode-ray tube. 

*!?ulse OR GATE 

WIDTH control. 

2 

Function selector switch in GATED or GATE ADJ posi¬ 
tions: Varies width of gating pulse. 

if 

till 


Function selector switch in PULSE MOD position: 

Varies width of modulating pulse. 

_^XT MOD connector. 

iff 

18 

Function selector switch in EXT MOD position: Provides 
connection for external modulating signals. 


f' General Description 

^ Through the use of the master function se¬ 
lector switch, (number 9, fig. 15-13), the inter- 
lal circuits may be switched into the desired 
"operation to perform any of the functions pre¬ 
viously mentioned. 

WE R- ME TER OPERATION 

a 

y When it is desired to use the test set as a 
flower meter, input signals from a radar trans¬ 
mitter pass through a calibrated variable atten¬ 
uator to a temperature-compensated power 
monitor illustrated in figure 15-14 in block 
'orm. The power monitor is comprised of a 
fridge circuit and a power-level indicating meter 
•talibrated in milliwatts and dbm (decibels rela¬ 
tive to one milliwatt). 

FREQUENCY-ME TER OPERATION 

When the frequency-meter function of the 
est set is used, an absorption-type frequency 
leter is timed to resonance. (See fig. 15-14.) 
’he resonant frequency-meter cavity causes a 


reduction of the power level in the microwave 
section at the frequency to which the cavity is 



DBM CONTROL —6 6- ATTENUATION SWITCH 


Figure 15-14. -Power-meter and 
frequency-meter operation, 
simplified block diagram. 
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tuned. This reduction of power, at the resonant 
frequency, appears as a dipon the power-monitor 
meter or on the screen of the synchroscope. The 
resonant frequency (in megacycles) is indicated 
directly on a front panel counter (number 22, 
fig. 15-13,) which is geared mechanically to the 
tuning mechanism of the cavity. The power- 
meter frequency-meter operation of the AN/ 
UPM-32 closely resembles the construction 
and operation of the TS-147 frequency-meter 
test set. Therefore, with an understanding of this 

portion of the AN/UPM- 32, the technician should 
have little trouble in the operation and use of 
the TS-147 if the AN/UPM-32 is not available. 

SPECTRUM-ANALYZER OPERATION 

For the spectrum-analyzer function, the test 
set’s klystron oscillator is frequency modulated 
by the sawtooth output of a sweep generator. (See 
fig. 15-15.) 



_ 

1 

1 

1 



rr 

F 1 

r 1 

| AMPLIFIERS | 


□ 


ABSORPTION-TYPE 



| 

■ FREQUENCY 
METER 


GATING ■ 
CIRCUIT 1 

i T~ 

-1 

1 



' TRANSMITTER j SYNCHRONIZER j 


operation, simplified block 
diagram. 


. transmitter signal to beobserv 
and the klystron-oscillator signal are pomw 
m a mixer to produce heternHimo * combin ' 
which are fed "to JlF « 

radar-transmitter pulse afrpnii Pnn * 0r ea ' 
of the pulse beats with’the Matron 
signal to produce a 45-mc. IF signal 
cessive radar-transmitter pulses 'a SU ' 
frequency component causes the 45 ™ T 
frequency to appear because the klvst™ b ! 
lator is frequency moduUted Ktected 
signals are amplified and applied 
ray tube. Since thehorizonto-deflectto™ 

of the cathode-ray tube is 


sawtooth used for klystron modulation, the CRT 
pattern is a plot of frequency versus power to 
the input signal. 

The test set also includes a gating circuit 
which permits the observation of the spectrum 
of any pulse in the output of a multipulsed radar 
transmitter. For this operation, the radar 
synchronizer is used to feed a pretrigger to the 
test set gating circuit to avoid triggering on the 
wrong RF pulse. This circuit, in turn, generates 1 
a pulse which gates the IF amplifier so that any 
signals applied during the gating period pass 
through the amplifier. The gating period islong 
enough to permit only the frequency samples 
from one radar-transmitter pulse to pass 
through the IF amplifier. The gating pulse may 
be delayed relative to the pretrigger for the 
desired pulse selection. 

This portion of the AN/UPM-32 closely re¬ 
sembles the operation of the Spectrum Analyzer 
TS-148 with the exception of the gating circuit 
function used for testing multipulsed radar 
transmitters. (NOTE: The Spectrum Analyzer 
is discussed in Basic Electronics, NavPers 
10087.) This feature is not available with ® 
TS-148. However, with an understanding of J 
AN/UPM-32 spectrum-analyzer operation,® 
technician will have little trouble understands 
and operating the TS-148 for spectrum anaiy- 
zation if the AN/UPM-32 is not available. 


SIGNAL-GENERATOR OPERATION 

When the test set is used as a 
erator, it supplies FM, pulse-modulated, 
ternally modulated, or C W microwave signa^ 
This portion of the AN/UPM-32 is illustraw 
in block form in figure 15-16. 


PULSE 

GENERATOR 


^cratorJ o 


EXTERNAL 

M00ULAT0R 



Figure 15-16. -Signal- generator 
operation, simplified block 
diagram. 
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For the FM and pulse-modulated signals, 
eternal circuits provide the modulating wave- 
Jrms, but a trigger must be provided by ar 
sternal source. Any desired type of modulation 
aveform can be applied to the klystron oscilla- 
»r, and the test set will provide correspondingly 
odulated RF signals. The power level and fre- 
!!f Cy ° f al l output signals are ad justable to the 
-sired level within the limits of the test set. 


external trigger source associated with the 
video signal or by the detected RF pulse from 
the radar transmitter. 


Functional Operation 
MICROWAVE ASSEMBLY 


fNCHROSCOPE OPERATION 

When the test set is operated as a general- 
rpose synchroscope, a video signal is applied 
the video amplifiers. The amplified signal 
applied to the vertical-deflection circuit of 
> cathode-ray tube as illustrated in block 
•m in figure 15-17. 

This video signal can be externally applied, 
it may be an internal signal taken from the 
er crystal (detector). The sweep generator, 
ich drives the horizontal-deflection system 
the cathode-ray tube, must be triggered and 
ichronized with the video signal, either by an 


The microwave assembly makes possible the 
measurement of the power level and frequency 
of input and output signals. The assembly con¬ 
sists basically of a block containing waveguides 
and attenuating sections. Within the assembly 
both the klystron signal and RF input signals are 
mixed to obtain a spectrum pattern. Signal flow 
in the assembly depends upon the setting of the 
function selector switch to the desired mode of 
operation (number 9, fig. 15-13). 

With the function selector switch on MIXER 
position, energy flow in the assembly is illus¬ 
trated in figure 15-18. The power set attenuator 
adjusts the power level of the klystron signal. 
Because the klystron oscillator is sawtooth 
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[microwave BLOCK 1 
i ASSEMBLY Z302 


KLYSTRON 

OSCILLATOR 

V30I 

XiT 


FROM 

KLYSTRON 

MODULATION 

CIRCUITS 


--o 


OSC 

FREQUENCY 


STEP 
ATTENUATOR 


DBM 

ATTENUATOR,' . 

nj 


MOTOR 

1 

B30I 




TO 

HORIZONTAL 

DEFLECTION 

CIRCUITS 


RF INPUT 
OR OUTPUT 




CR302 


TRIGGER DETECTOR 
ASSEMBLY Z303 

FREQUENCY 
METER Z304 


WAVEGUIDE 

TERMINATION 


Figure 15-18. Energy flow in microwave assembly, function selector 

switch at MIXER. 


by toe sweep generator circuits (fig 

pattrn'^sp^yert^hrc^^rV 151 ^ 6 

frequency of the klystron ** “G? 6 

recfiy, in megacycles, from «£ freque^mett 

MAL^ot GATTO position C tw r S ? ltchin theNOR- 
ent in the microwave ^semblv^If’^ pres " 
The klystron signal “d ^ 

are mixed in the mixer crystal wh^h^ 1, ®, gnal 
heterodyne frequencies. The 45 h produce s 
appearing during each radar output; tl ^ mponent 
through a tuned filter network fn lh lj PaSSes 
fier stages. Because of Se ? * e IF am PU- 
modulation applied to the klystron t^? 001 
signal beats with a different toequen'cycomponent 


of the radar output during each transmittedpu^ ] 
interval to produce this 45-mc. beatfre£» 
Hence, the amplitude of each 45-mc. P 
measure of the power contained in the^aru 
magnetron frequency component P r *T 
The magnetron spectrum is thus pr ^ 
appears on the CRT indicator. The topo ^ 
of this presentation lies in the fact 
a radar transmitter can be tunedto give ^ 

trum in which the greatest possible porQ ^ 

high-power frequency components ' aUB 
the bandpass of the radar receiver. 

When the function selector switch +hpr ^ar- 
in the PWR-FREQ. METER position, tni; 
transmitter power is fed through the nu ^ 
assembly as shown in figure 
switch is closed, hence there is nop ^ 
sion at the tee (T) jimction nor ean any_/ 
power reach the thermistor mount- ^ ^ 
mits measurement of the power e 
incoming signal. The step attenuator 
at its minimum (LO) position. 
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Figure 15-19. —Energy flow in microwave assembly, function selector 
switch at NORMAL/OR GATED. 


\ For PULSE MOD, FREQ MOD, and EXT 
MOD positions of the function selector switch, 
f si Snal flow is shown in figure 15-21. The power 
, level of the klystron RF signal is set by the 
\ P°yrer set attenuator. The frequency of the signal 
is indicated by the frequency meter which is used 
in conjunction with either the power-level indi¬ 
cating meter or the synchroscope pattern on the 
CRT. Since there is an equal division of power 
in the tee (T) junction following the RF switch, 
the reading of the power-level bridge meter, as 
modified by the DBM attenuator dial reading, 
gives an accurate indication of the power level 
se * ou fput signal. The signal reaching 
toe mixer crystal is detected, and the signal, 
which is the modulation waveform, can be viewed 
on the CRT by setting the signal switch at INT 
if desired (number 16, fig. 15-13). 


TRIGGER-DETECTOR ASSEMBLY 

The trigger-detector assembly (Z 303 , fig. 
15-21) consists of a removable mount attached 
to the rectangular waveguide section at the input 
of the microwave assembly. The mount contains 
a crystal rectifier element (CRg^) and functions 
as a fixed-tuned detecting section. Isolation from 
the main waveguide is provided by an iris which 
attenuates the energy from the main waveguide 
about 35 db to protect the crystal from burnout. 

DBM ATTENUATOR 

The DBM attenuator consists of a rectangular 
glass vane coated with a resistive material. The 
vane is mounted inside the waveguide parallel 
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. KLYSTRON 
MODULATION 
CIRCUITS 
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FREQUENCY 


STEP 
ATTENUATOR 


POWER SET 
ATTENUATOR 


METER 

BALANCE 

a- 




RF INPUT 
TQ OR OUTPUT 

HORIZONTAL 
DEFLECTION 
CIRCUITS CR302 


THERMISTOR MOUNT 
ASSEMBLY Z306 

If -1 MIXER ASSEMBLY 

2305 


TO 


6DB DIRECTIONAL 
COUPLER 


I trigger detector 

.ASSEMBLY Z303 

FREQUENCY 
METER Z304 


WAVEGUIDE 

TERMINATION 


Figure 15 20. Energy flow in microwave assembly, function selector 
switch at PWR-FREQ METER. 


to the narrow wall, and its position is contin- 

20 US fte a i5 U i?w e DBM COntro1 - number 

20, fig. 15-13) from the narrow wall toward the 

center of the waveguide. The maximum attend 

ation introduced by the vane (near th” center) 

DBM^ y . 5 ° db ' The calibration of toe 
DBM dial accounts for this attenuation 

known losses in the microwave block. d ^ 


RF SWITCH 


STEP ATTENUATOR 


The step attenuator is constructed in tv, 
same fashion as the DBM attenuator. The step 
attenuator is controlled by the ATTfi^t atS 
switch (number 24, fig. 15-13) 3 m^ N V ATION 
settings, HI and Lo! bfihe HI posUion X? ^ 
is near the waveguide center; and in the^ir, 
sition, it is adjacent to the Wro» ,^ P °' 

the HI position of the switch the Xn^ ^ 

introduces about 50 db of attempt tt Uat ° r 
waveguide run. attenuation in the 


The RF switch consists of a cylindrical ele¬ 
ment which closes off the waveguide 
the klystron when the function selector k 
is on the PWR-FREQ METER po si ^ on 
axis of the switching device is P ar *r® ) 
broad walls of the waveguide. The de 
a rectangular hole through it, which , 
with the waveguide for the open pos 
rotates through a quarter turn t0 C “Jf 
waveguide run to the klystron. A metain ^ 
which projects part way across the gui e °P ^ 
inside the device serves as an impedanc 
ing device for the waveguide tee (T). 


RF OSCILLATOR 


The microwave oscillator tube 

in the test set is a reflex klystron which °P ^ 

on the principle of velocity modula 
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FROM 



Figure 15-21. —Energy flow in microwave assembly, function selector 
switch at PULSE MOD, FREQ MOD, OR EXT MOD. 


lystron may be tuned either mechanically by 
arying the volume of the resonator cavity or 
lectrically by varying the reflector (repeller) 
late voltage. Mechanical tuning is accomplished 
’om the top of the klystron by the OSC FftE- 
UENCY control (number 23, fig. 15-13).Elec- 
•ical tuning, is accomplished by the modulation 
iwtooth from the modulation sweep generator 
.rcuits and by the reflector control (number 
>, fig. 15-13). NOTE: A detailed discussion on 
e construction and operation of the reflex 
ystron was given in chapter 7 of this course.) 

3WER SET ATTENUATOR 

The power set attenuator consists of a small 
ctangular glass vane coated with a resistive 
iterial. The adjustment of the vane position 
thin the waveguide is continuous, but the as- 
mbly is not calibrated. For the maximum 
enuation position near the waveguide center, 
^attenuator decreases the level of the klystron 
Tut signal by 20 to 25 db. 


FREQUENCY METER 

The frequency meter (Z304) consists of a 
circular high-Q cavity with a movable concentric 
tuning plunger. The frequency meter is fitted 
into the microwave assembly and coupled to the 
waveguide by means of a circular iris, and the 
entire assembly is hermetically sealed. The 
tuning plunger mechanism is geared to the fre¬ 
quency counter which indicates the resonant 
frequency of the cavity in megacycles. 

THERMISTOR-MOUNT ASSEMBLY 

The thermistor-mount assembly (Z306) is 
comprised of a short waveguide section termi¬ 
nated in a housing which contains a thermistor 
bead. The bead is sensitive to microwave energy, 
and its resistance changes in proportion to the 
level of energy in the waveguide. The assembly 
is mounted to the microwave section and fixed- 
tuned fLt the factory. A cylindrical subassembly 
is -located on one side of the thermistor-mount 
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assembly to hold a disk thermistor. This 
thermistor has a negative temperature coeffi¬ 
cient of resistance. The resistance changes in 
the disk thermistor compensate the power-level 
bridge circuit for the effects that changes in 
the ambient temperature produce in the resist¬ 
ance of the thermistor bead. 

MIXER ASSEMBLY 

The mixer assembly (Z 305 ) is similar in 
construction to the trigger-detector assembly 
(Z303h and it contains the same type crystal 
cartridge. When the function selector switch is 
on the MIXER, PWR-FREQ METER, GATE 
ADJ, PULSE MOD, EXT MOD, or FREQ MOD 
position, the mixer crystal acts as a simple 
KF detector. For operation in the NORMAL 

s^tch thp D P °H Siti ? S ° f the selector 

switch, the radar-transmitter signal and the 

klystron signal are both present, and the putput 

2 n Ti er C ° nt , ai . nS beat frequencies because 

crvstel UOn character *sticof the 

cryst a i. The mixer assembly also contains a 

d-db isolation pad which is adjusted when in¬ 
stalled and must not be disturbed by the field 
maintenance technician. 


Electronic Circuits 

The following discussion describes 
tronic circuits of the test set. The circil 
grouped according to their particular 

For coherence the circuit groups are des_ 

with reference to the simplified block diagrn^ 
figure 15-22. The actual circuit analysis 
schematic diagrams is beyond the scope btj 
course. However, with an understanding-cl 
general circuit description which follow^ 1 
technician should have little trouble in under¬ 
standing the actual detailed circuitry 
as described in the Handbook of Service In¬ 
structions for the equipment. 

SIGNAL CIRCUITS 

The signal circuits comprise the 
assembly, mode amplifier, vertical^ 
video amplifiers, and the associated ^ ^ 
attenutators. For the MIXER position^®®' 
tion selector switch, the frequencyrmodul 
klystron-oscillator signal is detected-by 
crystal in the mixer assembly (located 
microwave block assembly) and fed 
relay K402 to the filter circuit located in the ff 


RF INPUT OR OUTPUT 

OSC FREQUENO0- 

METER o 
BALANCE VI¬ 


SIONAL 
> 


EXT MOD. SIGNAL GAIN 0 
k 402 '-- - — 



IF AMPLIFIER ASSEMBLY | 

MODE 

amplifier 

diff. | 

CIRCUIT | 


INT. 



ATTENUATOR 

lid =1][ 
00-1 -1 


GATE ADJ. 


SIGNAL 


horizontal 
amplifier AND 
SPECTRUM 
SWEEP 
GENERATOR 


LINE 

VOLTAGE 


<*) 
SWE C EP RU FREO. 



Figure 15-22. 


r Test Set AN/UPM-32, simplified block diagram- 
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,.amplifier assembly. There being no 45-mc. 
component in the signal the output of the filter 
circuit consists of the envelope of the detected 
c .signal which is fed to the mode amplifier. The 
amplified signal (mode pattern) is then fed 
'through relay KioiA *° vertical-deflection 
-plates of the CRT. 

For the NORMAL and GATED positions of the 
"function selector switch, the output of the mixer 
•crystal is applied to the filter circuit as before. 
; If a radar transmitter signal is applied to the 
-RF input, the resulting 45-mc. beat signal is 
"amplified through the two 45-mc. IF amplifiers 
'and mixed in the mixer (located in the IF ampli¬ 
fier assembly) with a 36.8 mp. local-oscillator 


signal produced by a mode oscillator. The re¬ 
sultant 8.2 me. signal is amplified, detected, 
and applied to the vertical amplifier. The input 
to the vertical amplifier now consists of two 
signals—a differentiated output of the mode 
amplifier and the detected IF signal. The abrupt 
changes in the mode waveform, such as the 
beginning and the end of the curve and the pip 
caused by the frequency meter (if it is tuned to 
a frequency within the range swept by the klystron 
oscillator), are retained by the differentiation. 
Both the detected IF signal and the differentiated 
mode signal pass through the vertical amplifier 
and through relay KioiA to the vertical deflec¬ 
tion plate of the cathode-ray tube. Figure 15-23 


(A) 


i 


FUNCTION SELECTOR 
IN "MIXER" POSITION 


t 


I 

i 


i 


KLYSTRON MODE PATTERN 


KLYSTRON PATTERN WITH 
FREQUENCY METER PIP 




INDENTATIONS 


CAUSED BY BEGINNING 
AND END OF MODE SIGNAL 



KLYSTRON MODE DIFFERENTIATED 
SIGNAL AND FREQUENCY METER 
PIP ONLY 



KLYSTRON MODE DIFFERENTIATED 
SIGNAL,FREQUENCY METER PIP 
AND DETECTED IF SIGNAL 


Figure 15-23. —Display patterns of the CRT. (A) MIXER position; (B) 
NORMAL or GATED position. 
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illustrates the pattern displayed on the CRT 
indicator with the function selector switch in 
the MIXER and NORMAL or GATED positions. 

In the PWR-FREQ METER position of the 
function selector switch or in the PUIiSE MOD, 
FREQ MOD, or EXT MOD positions, either in¬ 
ternal or external video signals can be. applied 
to the video amplifiers for observation on the 
synchroscope. (See table 15-3.) The internal 
signal consists of the detected radar-transmitter 
pulse envelope which is taken from the' mixer 
crystal and applied through relay K402> and 
through signal switch S302 tot h evi deo amplifier. 
For the observation of an external video signal, 
connection is made to the signal connector and 
the signal switch thrown to EXT. Depending on 
the setting of signal switch S3Q2> the video sig¬ 
nal is either fed directly or attenuated as desired 
before being applied to the video amplifier. The 
video amplifier stages drive the vertical- 
deflection circuit of the CRT for the synchro¬ 
scope video display. 


TRIGGER AMPLIFICATION AND 1 
HORIZONTAL DEFLECTION CIRCUITS* 



The trigger amplifier stage is 
amplify the input triggers which are 
synchronize the synchroscope sweep gene 
for the cathode-ray tube trace. The sweep _ 
erator may be triggered either externally or 
internally, depending on the position of thettj 
ger switch S303 on EXT, the trigger may.| 
taken from an outside source and applied too 


trigger amplifier for starting the sweep, 
erator. If on RF, the trigger originates^-, 
trigger detector assembly, located in the 


wave block assembly, and is fed 
trigger switch to the trigger amplifier for stai 
ing the sweep. 


For the MIXER, NORMAL, and GATEDpo- 
litions of the function selector switch, the 
tource of the horizontal-deflection, " Al * aw 1 
tie free-running spectrum sweep 

*• __4a o.mMirnnized.lt Wc 


rha 




Table 15-3.-AN/UPM-32 presentations. 


—— —* 

Function 

Signal 

switch 

position 

Scope vertical presentation 

MIXER 

MIXER 

NORMAL 

NORMAL 

GATED 

GATED 

GATE ADJ. 

GATE ADJ. 

PWR-FREQ METER 
PWR-FREQ METER 
PULSE MOD 

PULSE MOD 

FREQ MOD 

FREQ MOD 

EXT MOD 

EXT MOD 

INT 

EXT 

INT 

EXT 

INT 

EXT 

INT 

EXT 

INT 

EXT 

INT 

EXT 

INT 

EXT 

INT 

EXT 

Klystron RF envelope. 

Do. 

Spectra plus differentiated RF envelope. 

Do. 

Gated spectra plus differentiated klystron 

RF envelope. 

Do. 

Envelope of RF input plus internal video ga e> 
Internal video gate plus external video. 

Envelope or RF input. 

External video. 

Envelope of RF input plus RF output. 

External video. 

Envelope of RF input plus RF output. 

External video. 

Envelope of RF input plus RF output. 

External video. 


NOTE* The £ * 

ternal or external RF derived? Cai ^ cause a di P or reduction of power on any of the abov 
derived waveforms if turned to the proper frequency. 
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Mil frequency or subharmonics of it by an a-c volt- 
KHIIage from the power supply. The output of the 
spectrum sweep generator (a sawtooth voltage) 
irlfis fed to the horizontal amplifier. The horizontal 
niamplifier drives the horizontal plates of the 
i««iicathode-ray tube through a push-pull arrange- 
najment. 

leflj! For the GATE ADJUST position of the func¬ 
tion selector switch, the horizontal-deflection 
'Itjvoltage originates in the synchroscope sweep 
^generator. Though the synchroscope sweep gen¬ 
erator can be triggered by the detected trans¬ 
mitter pulses from the trigger detector, the 
generator is normally triggered by an externally 
y^applied trigger to permit observation of all the 
-detected radar-transmitter pulses on the CRT 
“^indicator. The sweep voltage is taken from the 
generator to the horizontal amplifier and then 


applied to the horozontal-deflection plates. 

Kjgk For the PWR-FREQ METER, PULSE MOD, 
d^FREQ MOD, and EXT MOD positions of the 
o ^function selector switch, the synchroscope sweep 
generator is again used as a source of 
horizontal-deflection voltage. However, the 
sweep generator is triggered by either the first 
detected RF pulse from the trigger detector or 
by an external trigger as desired. 


BLANKING AND INTENSIFYING CIRCUIT 


it* For the MIXER, NORMAL, and GATED 
positions of the function selector switch, the 
■'"output from the spectrum sweep generator is 
differentiated and fed to the blanking and in¬ 
tensifying circuits as a blanking signal. The 
^output of the vertical amplifier is also fed to 
j Jhe blanking and intensifying circuits as an in¬ 
tensifying signal. The signal output is fed 
through relay KioiA to th e control grid of the 
^cathode-ray tube and is used to blank the screen 
4* during flyback time and to intensify during sweep 
time. For synchroscope operation, however, an 
unblanking signal is taken from the synchro- 
1 scope sweep generator circuits and fed through 
( relay Kiqia to the CRT control grid for in¬ 
tensifying the sweep. 


^PULSE GENERATOR ASSEMBLY CIRCUITS 

The pulse generator circuit consist of the 
trigger delay circuits and the pulse modulator 
circuits. The function of the delay circuit is to 
control and adjust the starting point of the gating 


waveform applied to the IF amplifier. With the 
function selector switch in the GATE ADJ posi¬ 
tion, it permits centering of the gating pulse 
over the desired radar-transmitter pulse. When 
the function selector switch is then switched to 
the GATED position, only the spectrum of the 
chosen radar-transmitter pulse is displayed. 

For the PULSE MOD position of the function 
selector switch, a negative pulse is taken from 
the pulse modulator circuits and applied to the 
klystron reflector. Then, once for each applied 
trigger, the klystron is driven into oscillation 
for the duration of the pulse. 

KLYSTRON MODULATION CIRCUITS 

The test set klystron oscillator, located 
physically in the microwave block assembly, 
operates as a CW signal source depending on 
the position of the function selection switch and 
the type of operation desired. For the MIXER, 
NORMAL, and GATED positions, the klystron 
is frequency modulated by a sawtooth voltage 
from the spectrum sweep generator. For the 
PULSE MOD position of the function selector 
switch the klystron is pulse modulated by the 
pulse generator assembly as previously dis¬ 
cussed. For the FREQ MOD position, the kly¬ 
stron is switched by relay action to the output 
of the synchroscope sweep generator. The signal 
consists of an exponential charging waveform, 
and its repetition rate depends upon that of the 
trigger applied to the synchroscope sweep gen¬ 
erator. For the EXT MOD position, the EXT 
MOD connector is switched by relay action di¬ 
rectly to the klystron for an external modulation 
signal input. 

POWER-SUPPLY CIRCUIT 

The power supply consists of four separate 
circuits for d-c supply voltages in addition to 
the a-c filament supply. They are all fed from 
a common power transformer located in the 
power-supply assembly. 

The high-voltage supply delivers a negative 
1,500 volts, unregulated, to the CRT for an ac¬ 
celerating voltage. 

The plate and screen supply voltages are 
taken from a regulated circuit which has four 
output voltage levels. The primary output, a 
+300- volts, is supplied to the pulse generator, 
the klystrOh oscillator, and to the various cir¬ 
cuits. A +500-volt output is used for feeding the 
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pulse generator and power-level bridge cir¬ 
cuits. Another +150-volt output is fed to the IF 
amplifier section. A.fourth output of +105 volts 
supplies the screen-grid circuits of the IF 
amplifiers. 


Biasing voltages are taken from a separate 
regulated supply. The -205-volt output is the 
main bias voltage used throughout the test set. 
A separate -87-volt output is used for the ver¬ 
tical amplifier and spectrum sweep generator 
biasing voltages. 

The fourth d-c supply circuit consists of a 
full-wave, rectifier bridge circuit which pro- 

* +2 ?; vo ! t d_c su PP 1 y- This circuit sup- 
plies 28 volts d.c. for energizing the relays in 
the test set and energizing the motor which 
opens and closes the RF switch in the waveguide. 


I heory and Analysis of a Spectrum 

Prior to a discussion on the alinement and 
maintenance of the AN/UPM-32 and for abetter 
understanding of the test set in general, a brief 
discussion on the basic principles, application 

KES “ * —— *“»■■■ ™ 

BASIC PRINCIPLES 

In conventional circuit theory, any repetitive 

•«=“•issrzxzszfi 

square wave, or any other nonsinusoidll repeti 

k.i iar —' - »««*«" 

Juoli* »~- 

modulating frequencies therascl'es wfen^h' 
frequencies resulting fromamoS. the 
are plotted on a horizontal s^?^?S ipr0Cess 
distribution among thesp fv.* ^ a ” d the ener £y 
on a verticalSeX% f : “ S f iSPl ° tted 
power plot, more commonly tool? 
trum. Figure 15-?4 * * J * own as a spec- 

resulting when a fundamental 1spectrum 
modulated by arbitrarily^hosen ^.® quency F is 

and F2. Actually there are aniS^ 63 F1 
of frequencies present even in the^imni ? Um 5 er 
lation of one sine wave bv pl modu - 

amplitudes of the higher-order bUt * he 

negligible. harmonics are 


If the fundamental frequency F (fig, 15-24 
(A)) is modulated by frequency FI, the resultant! 
waveform will appear as illustrated in figure 
15-24 (B). In the spectrum pattern (fig, 15-M 
(D)), the modulation by FI causes two otter 
frequencies to appear, F+Fl and F-Fl respec¬ 
tively. 

Figure 15-24 (C) shows the effect of modulat¬ 
ing the fundamental frequency F with a fre¬ 
quency F2 which is twice the frequency of FI. 
The result is the appearance of two new fre¬ 
quencies in the spectrum which are indicated 
as F+F2 and F-F2. ’ 


APPLICATION OF PRINCIPLES TO 
A PULSED OSCILLATOR 

Although the duration of a pulse is extremely 
small compared to the repetition rate in a typical 
radar system, the output can be visualized for 
purposes of analysis as a continuous waveofRF 
energy which is periodically interrupted, This 
in effect the same as taking the continuous RF 
wave and modulating it with a repetitive rec¬ 
tangular pulse. Since the pulse itself contains 
an infinite number of harmonics of its own 
repetition frequency, each of these harnw 
frequencies and the repetition frequency b * 
ulate the continuous wave. Hence, a spec 
evolves in the manner explained in the p ■ 
ceding discussion except that there are an 
finite number of sideband components. 

Figure 15-25 (A) illustrates a theoretical 
voltage spectrum of a pulsed oscillator. Thou? 
not shown, an infinite number of negligibly s 
sideband components extend from either side 
the limits of the diagram. Any two adjacen 
sideband components are separated by a distan 
on the frequency scale which is equal o , 
repetition rate of the rectangular pulses (W- 
15-25 (B)), because each component bears 
harmonic relation to the repetition frequen y- 

Neither of the voltage spectrums sil0V ® 

figure 15-25 (A) and (C) is actually seen on^ 

test set scope because of a square-law ^ 
incorporated in the test instrument, 
tector converts the voltage into the power 
trum illustrated in figure 15-25 (D). 

PRACTICAL VALUE OF ANALYSIS 

is 

With a knowledge of how a spect h rU ^ ee n 
formed and what it indicates, it can 
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AVIATION ELECTRONICS TECHNICIAN 1 & C 


60 °- 74 . 9 ° 


Dega. 

Function 

0.8® 

Eg 

0.1° 

0.1° 

0.4° 

0.8® 

0.8° 

0.7° 

0.8® 

0.8® 

60 

•in 

CO* 

tan 

0.8560 

0.8000 

1.7321 

B 

0.8678 

0.4970 

1.7461 

0.8886 
0 4955 
1.7832 

0.8695 
0 4939 
1.7603 

§§ 

0.8712 

0.4909 

1.7747 

0.8721 

0.4894 

1.7820 

0.8729 

0.4879 

1.7893 

0.8738 

0.4863 

1.7966 

61 

■in 

COI 

tan 

0.8740 
0.4848 
1 8040 

0 8755 
0.4833 
1.8115 

0.8763 
0 4818 
1.8190 

0.8771 

0.4802 

1.8265 

0.8780 

0.4787 

1.8341 

0.8788 

0.4772 

1.8418 

0 8796 
0.4756 
1.8495 

0.8805 

0.4741 

1.8572 

0.8813 

0.4726 

1.8650 

0.8821 

0.4710 

1-872* 

62 

■in 

CM 

tan 

0.8820 

0.4895 

1.8807 

0 8838 
0.4679 
1 8887 

0.8846 

0.4664 

1.8967 

0.8854 
0 4648 
1.9047 

0 8862 
0.4683 
1.9138 

0.8870 

0.4617 

1.9210 

0 8878 
0.4602 
1.9292 

0.8886 

0.4586 

1.9375 

0.8894 

0.4571 

1.9458 

m 

63 

■in 

CO* 

tan 

0 8910 
0.4540 
1.9628 

0.8918 
0 4524 
1.9711 

m 

0.8934 
0 4493 
1.9883 

0.8942 

0.4478 

1.9970 

0.8949 

0.4462 

2.0057 

0.8957 

0.4446 

2.0145 

1 


0 8980 
0.4399 
2.0413 

64 

•in 

CM 

tan 

0 8988 
0 4384 
2 0503 

0.8998 

0.4388 

2.0594 

0.9003 

0.4352 

2.0688 

0 9011 
0 4337 
2 0778 

0 9018 
0.4321 
2.0672 

0.9026 

0.4305 

2.0965 

0 9033 
0.4289 
2.1060 

0.9041 

0.4274 

2.1155 

0.9048 

.0.4258 

2.1251 

0 9056 
0 4242 
2.1348 

66 

•in 

COS 

tan 

0 9063 
0 4226 
2 1445 

0 9070 

0 4210 

2 1543 

0.9078 

0.4195 

2.1642 

0.9085 
0 4179 
2.1742 

0 9092 
0.4183 
2.1842 

0.9100 
0 4147 
2.1943 

0.9107 
0 4131 
2.2045 

0.9114 

0.4115 

2.2148 

0.9121 

0.4099 

2.2251 

0.9128 

0.4083 

2.2355 

66 

■in 

CM 

tan 

0 9135 
0 4067 
2 2460 

0 9143 
0 4051 
2 2566 

0.9150 

0.4035 

2.2673 

0 9157 
0 4019 
2.2781 

nn 

0 9171 
0.3987 
2.2998 

0 9178 
0 3971 
2.3109 

0.9184 

0.3955 

2.3220 

jig 

0.0198 
0 3923 
2.3445 

67 

•in 

CM 

tan 

0 9205 
0 3907 
2.3559 

0 9212 
0 3891 
2.3673 

0.9219 

0.3875 

2.3789 

0.9225 
0 3859 
2.3906 

0 9232 
0.3843 
2.4023 

0 9239 
0.3827 
2.4142 

0.9245 

0.3811 

2.4262 

0.9252 

0.3795 

2.4383 

0.9259 

0.3778 

2.4504 

0 9265 

0 3762 
2.4627 

68 

•in 

CM 

tail 

0 9272 
0 3748 
2.4751 

0 9278 
0 3730 
2.4878 

0.9285 
0 3714 
2.5002 

0.9291 

0.3697 

2.5129 

0.9298 

0.3681 

2.5257 

m 

0 9311 
0.3649 
2.5517 

0.931F 

0.3633 

2.5649 

0 9323 
0.3616 
2.5782 

0 9330 
0.3500 
2.5916 

69 

■in 

CM 

tan 

0.9336 
0 3584 
2.6051 

o°:SS? 

2.6187 

lil 

OOcsi 

0 9354 
0.3535 

2.6464 

0.9361 

0.3518 

2.6605 

0.9367 

0.3502 

2.8746 

0.9373 

0.3486 

2.6889 

m 

0 93e5 
0 3453 
2.7179 

0.9391 

0.3437 

2.7326 

70 

■in 

COB 

tan 

0.9397 

0.3420 

2.7475 

m 

0.9409 

0.3387 

2.7776 

0.9415 
0 3371 
2.7929 

0.9421 

0.3355 

2.8083 

ns 

0 9432 
0.3322 
2.8397 

0.9438 

0.3305 

2.8556 

0 9444 

0 3289 
2.8716 

0 9449 
0.3272 
2.8878 

71 

•In 

CM 

tan 

0 9455 
0.3256 
2.9042 

0 9461 
0 3239 
2.9208 

0.9466 

0.3223 

2.9375 

0.9472 

0.3206 

2.9544 

0.9478 

0.3190 

2.9714 

0.9483 

0.3173 

2.9887 

0.9489 

0.3156 

3.0061 

0.9494 

0.3140 

3.0237 

0 9500 
0.3123 
3.0415 

0.9505 

0.3107 

3.0595 

72 

•in 

CM 

tan 

0.9511 

0.3090 

3.0777 

0.9516 

0.3074 

3.0961 

0.9521 

0.3057 

3.1146 

0.9527 

0.3040 

3.1334 

0.9532 

0.3024 

3.1524 

0.9537 

0.3007 

3.1716 

0.9542 

0.2990 

3.1910 

0.9548 

0.2974 

3.2106 

0.9553 

0.2957 

3.2305 

1st 

73 

•in 

CM 

tan 

0.9663 

0.2924 

3.2709 

0.9568 

0.2907 

3.2914 

0.9573 

0.2890 

3.3122 

0.9578 

0.2874 

3.3332 

0.9583 

0.2857 

3.3544 

0.6588 

0.2840 

3.3759 

0.9593 
0 2823 
3.3977 

0.9598 

0.2807 

3.4197 

f, 

EeS 

Mm 

IS 

74 

■in 

CM 

tan 

0.9613 

0.2756 

3.4874 

0.9617 

0.2740 

3.5105 

0.9622 

0.2723 

3.5339 

0.9627 

0.2706 

3.5576 

0.9632 
0 2689 
3.5816 

0.9638 

0.2672 

3.6059 

0 9641 
0 2656 
3.6305 

0 9646 
0.2639 
3.6554 

0.9650 

0.2622 

3.6806 

0.9655 

0.2606 

3.7062 


Function 

O' 


tv 

18 ' 

D 

80 ' 

* 8 ' 

48 ' 

68 ' 

84 ' 


530 


Digitized by 
























































































































































APPENDIX VIII 

COMMON LOGARITHMS OF NUMBERS 



















































































































































































































APPENDIX IX 

ANSWERS TO QUIZZES 


3 . 


Chapter 1 

DUTIES AND RESPONSIBILITIES 


Chapter 5 
SPECIAL CIRCUITS - CONTINUED 


1 . 

a. 

5. 

b. 

9. c. 

13. 

a. 

1 . 

b. 

2. 

d. 

6. 

b. 

10. d. 

14. 

a. 

2. 

b. 

3. 

d. 

7. 

d. 

11. a. 

15. 

a. 

3. 

c. 

4. 

c. 

8. 

c. 

12. d. 



4. 

d. 


7. 

8 . 

9. 

10 . 

11 . 


12. d. 

13. d. 

14. c. 

15. c. 

16 . b. 


6. b. 


17. 

18. c. 

19. i 

20. c, 

21. J. 

22 . 


Chapter 2 

SUPPLY AND PUBLICATIONS 


Chapter 6 
PROPAGATION OF RADIO WAVES 


1. a. 

2. a. 

3. c. 

4. a. 

5. b. 


6. d. 

7. b. 

8. c. 

9. c. 
10. b. 


11. d. 

12. c. 

13. b. 

14. a. 

15. d. 


16. c. 

17. a. 

18. a. 

19. c. 

20. d. 


1. c. 

7. 

a. 

13. 

b. 

2. c. 

8. 

c. 

14. 

a. 

3. a. 

9. 

c. 

15. 

b. 

4. b. 

10. 

a. 

16 . 

b. 

5. c. 

11. 

b. 

17. 

d. 

6. b. 

12. 

d. 

18. 

c. 


19. a, 

20 . 

21. a, 

22. i 

23. a 


Chapter 3 

RC AND RL NETWORKS 


Chapter 7 

WAVEGUIDES AND CAVITY 
RESONATORS 


1. 

d. 

7. c. 

12. 

b. 

17. 

b. 

1. 

a. 

6. 

b. 

10. 

b. 

14. i 

2. 

c. 

8. d. 

13. 

a. 

18. 

b. 

2. 

b. 

7. 

b. 

11. 

b. 

15, a 

3. 

b. 

9. b. 

14. 

a. 

19. 

a. 

3. 

b. 

8. 

b. 

12. 

a. 

16 . i 

4. 

a. 

10. c. 

15. 

a. 

20. 

d. 

4. 

d. 

9. 

b. 

13. 

c. 

17. a 

5. 

b. 

11. b. 

16. 

b. 

21. 

d. 

5. 

a. 





18. £' 

6. 

a. 














Chapter 4 
SPECIAL CIRCUITS 


Chapter 8 

UHF AND MICROWAVE 
TECHNIQUES 


1. 

d. 

7. 

c. 

13. a. 

19. 

b. 

1. 

a. 

7. 

b. 

2. 

b. 

8. 

b. 

14. a. 

20. 

a. 

2. 

a. 

8. 

c. 

3. 

c. 

9. 

b. 

15. b. 

21. 

d. 

3. 

d. 

9. 

d. 

4. 

a. 

10. 

d. 

16. d. 

22. 

d. 

4. 

d. 

10. 

a. 

5. 

c. 

11. 

d. 

17. c. 

23. 

b. 

5. 

a. 

11. 

a. 

6. 

d. 

12. 

d. 

18. b. 

24. 

c. 

6. 

b. 

12. 

b. 


13. a. 

14. c. 

15. d. 

16 . b. 

17. a. 

18. c. 



Google 





Appendix IX-ANSWERS TO QUIZZES 


Chapter 9 

IHF AND MICROWAVE ANTENNAS 


Chapter 13 
DIGITAL COMPUTERS 


l. 

a. 

7. 

b. 


d. 

8. 

b. 

3. 

c. 

9. 

a. 

4. 

a. 

10. 

c. 

5. 

d. 

11. 

c. 

6, 

b. 

12. 

c. 


13. 

c. 

19. 

c. 

14. 

b. 

20. 

b. 

15. 

b. 

21. 

a. 

16 . 

a. 

22. 

a. 

17. 

c. 

23. 

a. 

18. 

b. 

24. 

d. 


1. 

b. 

6. 

a. 

2. 

a. 

7. 

b. 

3. 

b. 

8. 

a. 

4. 

c. 

9. 

d. 

5. 

c. 

10. 

a. 


11. 

c. 

16. a. 

12. 

c. 

17. 

a. 

13. a. 

18. 

c. 

14. d. 

19. a. 

15. c. 

20. 

a. 


Chapter 10 
SERVOMECHANISMS 


1. 

d. 

7. 

b. 

13. a. 

19. 

d. 

2. 

a. 

8. 

b. 

14. d. 

20. 

b. 

'3. 

a. 

9. 

d. 

15. a. 

21. 

a. 

;4. 

d. 

10. 

c. 

16. b. 

22. 

b. 

'5. 

c. 

11. 

c. 

17. 

d. 

23. 

b. 

'6. 

a. 

12. 

d. 

18. 

c. 




Chapter 11 

TRANSISTOR CIRCUITRY 


1 . 

c. 

7. 

c. 

13. 

c. 

19. 

20. 

c. 

d. 

2. 

b. 

8. 

c. 

14. 

c. 

21. 

b. 

3. 

d. 

9. 

a. 

15. 

d. 

22. 

b. 

4. 

d. 

10. 

b. 

16 . 

a. 

23. 

c. 

5. 

a. 

11. 

a. 

17. 

b. 

24. 

a. 

6. 

b. 

12. 

d. 

18. 

a. 

25. 

b. 


Chapter 12 

PRINCIPLES OF TELEVISION 


1 . 

a. 

6. 

c. 

11. 

c. 

16. 

b. 

2. 

b. 

7. 

a. 

12. 

a. 

17. 

a. 

3. 

d. 

8. 

c. 

13. 

b. 

18. 

d. 

4. d. 

9. 

c. 

14. 

c. 

19. 

c. 

5. 

d. 

10. 

d. 

15. 

b. 

20. 

d. 


Chapter 14 

ELECTRONIC EQUIPMENT 
AND RELATED TEST EQUIPMENT 


1 . C. 

2. a. 

3. c. 

4. b. 

5. c. 


6. c. 

7. d. 

8. c. 

9. b. 
10. c. 


11. b. 

12. a. 

13. a. 

14. c. 

15. d. 


16. d. 

17. b. 

18. b. 

19. a. 

20. b. 

21. c. 


Chapter 15 

TEST EQUIPMENT 
AND MAINTENANCE TECHNIQUES 


1 . 

c. 

6. 

a. 

2. 

b. 

7. 

a. 

3. 

d. 

8. 

d. 

4. 

d. 

9. 

d. 

5. 

a. 

10. 

a. 


11. 

d. 

16. 

a. 

12. 

c. 

17. 

b. 

13. 

b. 

18. 

d. 

14. 

b. 

19. 

b. 

15. 

a. 

20. 

a. 
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APPENDIX X 


QUALIFICATIONS FOR ADVANCEMENT IN RATING 

AVIATION ELECTRONICS TECHNICIAN (AT) 

(Extracted from NavPers 18068 (Revised) thru Change 16) 

Rating Code No. 6300 

General Rating (applicable to P02, POI and CPO) 

Scope 

Aviation Electronics Technicians: Inspect and maintain aviation elec¬ 
tronic equipment, including: detection, reconnaissance, identification, 
communication, navigation, display, and special purpose equipment; sonar 
and sonobuoy equipment; target drone and pilotless aircraft equipment; 
and related equipment and test equipment; and operate airborne CIC 
equipment. 


Service Ratings (applicable to P03 only) 

Scopes 

AVIATION ELECTRONICS TECHNICIAN N (Radio and Radio 
Navigation Equipment)...ATN 

Inspect and maintain aviation electronic identification, radio 
communication, and radio navigation equipment, including: radio 
transmitting, receiving, relaying, and direction finding equipment; 
radio and radar altimeters; electronic interrogating and trans- 
ponding equipment; distance and time difference measuring 
equipment; and related equipment and test equipment. 

AVIATION ELECTRONICS TECHNICIAN R (Radar and Radar 
Navigation Equipment).ATR 

Inspect and maintain aviation radar and electronic identification 
equipment, including: radar; radar display and relay equipment; 
electronic interrogating and transponding equipment; and related 
equipment and test equipment. 

AVIATION ELECTRONICS TECHNICIAN S (Antisubmarine 
Warfare Equipment).ATS 

Inspect and maintain aviation antisubmarine warfare and elec¬ 
tronic countermeasures (ECM) equipment, including: sonar and 
sonobuoy equipment; magnetic anomaly detection (MAD) equip¬ 
ment; electromagnetic radiation detecting and analyzing equip¬ 
ment; and related equipment and test equipment. 
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Appendix X-QUALIFICATIONS FOR ADVANCEMENT IN RATING 

AVIATION ELECTRONICS TECHNICIAN W (Airborne CIC Operator) ATW 

Operate airborne CIC equipment, including: radar, remote radar 
indicators, navigation computers, and CIC voice communications 
equipment; maintain status boards and plots; verify aircraft track 
and perform dead-reckoning navigation; detect and interpret 
radar targets and disseminate information; and inspect and 
maintain aviation radar and related electronic equipment. 

Path of Advancement to Limited Duty Officer 

Aviation Electronics Technicians advance to Limited Duty Officers, Avia¬ 
tion Electronics. 

Navy Enlistad Classification Codos 

See the Manual of Navy Enlisted Classifications, NAVPERS 15105B. 


Qualifications for Advancement in Rating 


!• Qualifications for advancement to a higher rate include qualifications 
of lower rate or rates in addition to those stated for the higher rate. 
Qualifications for advancement from "a' Service Rating to the General 
Rating include those of the other Service Ratings except for Airborne 
CIC Operation and Airborne CIC^ Navigation functions of the ATW. 

2. Practical factors will be completed before recommendation for 
participation in the advancement examinations. (Bureau of Naval 
Personnel Manual, NAVPERS 15791 A, Articles B-2326 and C-7201.) 

3. Knowledge factors and knowledge aspects of practical factors will 
form the basis for questions in the written advancement examinations. 

4. Practical factors for the Aviation Electronics Technician rating are 
applicable to the aircraft and equipment assigned or available. 

5. To qualify for initial entrance into the Service Rating of Aviation 
Electronics Technician W (ATW), personnel must have met the 
physical requirements set forth in the Manual of the Medical 
Department for Combat Aircrewman and be a volunteer for duty 
involving flying. 


Qualifications for Advancement in Rating 

Applicable Rates 


ATN 

ATR 

ATS 

ATW 

AT 

A. SAFETY 

1.0 Practical Factors 

1. Observe safety precautions in 
making adjustments and measure¬ 
ments on energized electrical and 
electronic equipment. 

3 

3 

3 

3 


2. Observe safety precautions in 
working with de-energized equip¬ 
ment to eliminate hazards of re- 
sidual charges. 

3 

3 

3 

3 


3. Observe safety precautions in 
handling, stowing, and disposing 
of radioactive, cathode ray, and 
fluorescent tubes. 

3 

3 

3 

3 
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AVIATION ELECTRONICS TECHNICIAN 1 & C 


B 


Qualifications for Advancement in Rating 

1.0 Practical Factors - Continued 

4. Observe safety precautions in 

operating radio transmitters in 
aircraft and in energizing and 
directing radar antennas. 

5. Interpret directives and instruc¬ 
tions on safety precautions to 
identify those ^applicable to elec¬ 
tronic work areas and equipment; 
establish safeguards, procedures, 
and standards to insure compli¬ 
ance by personnel supervised. . . 

6. Inspect work areas, tools, and 

equipment to detect potentially 
hazardous and unsafe conditions 
and take appropriate corrective 
action. 

7. Organize and administer a pro¬ 

gram of safety instruction ap¬ 
plicable to aviation electronic 
equipment and facilities.. 

2.0 Knowledge Factors 

None. 

AIRCRAFT ELECTRONICS LINE AND 

HANGAR MAINTENANCE 

1.0 Practical Factors 

1. Select, use, and care for com¬ 
mon hand tools. 

2. Remove and install units of air¬ 
craft electronic systems. 

3. Make tests for short circuits, 

grounds, and continuity of inter¬ 
connecting cables between units 
of electronic equipment. 

4. Clean, lubricate, and service 
aircraft electronic equipment . . 

5. Check aircraft electronic equip¬ 

ment for proper pressurization; 
correct for leaks. 

6. Make entries in inspection forms, 

work orders, and failure re¬ 
ports . 

7. Perform daily and preflight in¬ 
spections of aircraft electronic 
equipment for security of mount¬ 
ing and evidence of damage. . . . 

8. Verify discrepancies in aircraft 

electronic equipment.. 

9. Isolate equipment malfunctions 

to defective units. 

10. Perform intermediate and major 
aircraft electronics inspections. 
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Appendix X-QUALIFICATIONS FOR ADVANCEMENT IN RATING 



Qualifications for Advancement in Rating 


_Applicable Rates 


ATN ATR ATS 




1.0 Practical Factors - Continued 

11. Perform operational tests of air¬ 
craft electronic equipment .... 

12. Make qualitative performance 

tests of aircraft electronic sys¬ 
tems.. 

13. Supervise and direct electronics 

line and hangar maintenance; 
inspect completed work. 

14. Debrief flight crews and evaluate 

reported discrepancies. 

15. Analyze reports of discrepancies 

and malfunctions in aircraft 
electronic systems and deter¬ 
mine corrective action. 

16. Evaluate performance of over¬ 

hauled, modified, or newly in¬ 
stalled aircraft electronic equip¬ 
ment. 


2.0 Knowledge Factors 

1. Cable, wire, and connector identi- 

cation and marking systems .... 3 3 3 

2. Types and characteristics of 
safety wire, bonding, shock 

mounts, and metal fasteners. ... 3 3 3 

3. Types and applications of elec¬ 
trical circuit protective devices . 3 3 3 

4. Types and applications of cor¬ 
rosion prevention, preservation, 
and moisture protecting materials 
used in maintenance of aircraft 

electronic equipment. 3 3 3 

5. Requirements for auxiliary ground 

cooling of aircraft electronic 
equipment. 

C. AIRCRAFT ELECTRONICS SHOP 
PRACTICES 


1.0 Practical Factors 

1. Clean commutators and slip ring 
assemblies and replace burshes. 

2. Use circuit and signal tracing 

techniques to locate defective 
parts within a circuit. 

3. Make point-t6-point voltage and 

resistance measurements. 

4. Test, select, and replace circuit 
parts, including electron tubes . 

5. Remove, i n s t al 1, mechanically 

align, and electrically zero syn¬ 
chros . 

6. Select proper wire and fabricate 

aircraft electronic equipment 
interconnecting cables. 


3 3 


3 3 


3 3 


3 3 


3 3 
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AVIATION ELECTRONICS TECHNICIAN 1 & C 


Qualifications for Advancement in Rating 


Applicable Rates 


ATN 

ATR 

I wxm 

\UtM 

m 

1.0 Practical Factors - Continued 

7. Analyze operation of units in air¬ 
craft electronic equipment and 
isolate malfunctions to a de¬ 
fective circuit. 





2 

8. Perform waveform analysis . . . 



-- 

-- 

2 

9. Make phase, balance, and feed¬ 
back adjustments to servo ampli¬ 
fiers. 





2 

10. Adjust and align parts or cir¬ 
cuitry in units, assemblies, or 
subassemblies- to conform with 
allowable limits. 





2 

11. Supervise the incorporation of 
aircraft changes involving air¬ 
craft electronic equipment .... 





1 

12. Inspect completed repairs to air- 
craft electronic equipment .... 


_ _ 

_ _ 

_ _ 

1 

13. Inspect installation and evaluate 
operation of repaired or newly 
installed parts and components . 





1 

14. Analyze discrepancy trends, de¬ 
termine deficiencies, and develop 
inspection procedures. 





C 

15. Supervise the technical mainte¬ 
nance effort and evaluate pro¬ 
cedures. 





C 

16. Screen defective exchangeable 
components for feasibility of 
local repair . 





c 

17. Review and evaluate completed 
inspection forms, work orders, 
and failure and discrepancy re¬ 
ports . 

-- 

-- 

-- 

-- 

c 

2.0 Knowledge Factors 

1. Soldering material and techniques 
used in maintenance of aircraft 
electronic equipment. 

3 

3 

3 

3 


2. System^ of nomenclature em¬ 
ployed to identify naval aviation 
electronics systems, components, 
and material. 

3 

3 

3 

3 


3. Methods of troubleshooting elec¬ 
tronic equipment and their ap¬ 
plications . 





2 

4. Procedures for repairing printed 
circuits and techniques for testing 
transistor circuits. 





1 

5. Sources of electrical noise inter¬ 
ference and methods of control. . 



.. 


C 

6. Effects of environmental condi¬ 
tions upon operation of electronic 
and electrical equipment. 

.. 

.. 

__ «. 

_ _ 

C 
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Appendix X-QUALIFICATIONS FOR ADVANCEMENT IN RATING 


Qualifications for Advancement in Rating 


Applicable Rates 


ATN I ATR I ATS [ATW I AT 


D. 


AIRCRAFT NAVIGATION EQUIPMENT 
MAINTENANCE 

1.0 Practical Factors 


1 . 


2 . 


3. 


4. 


5. 


6 . 

7. 

8 . 

9. 

10 . 

11 . 


12 . 


Perform routine preventive 
maintenance, preliminary trou¬ 
bleshooting, and minor repair on 
aircraft navigation equipment . . 
Adjust and calibrate loran equip¬ 
ment. 

Set compensation of ADF loop 

antennas . 

Make ground checks of electronic 
altimeters using a delay line. . . 
Use portable beacon simulator to 
test operation of TACAN equip¬ 
ment. 

Perform flag sensitivity adjust¬ 
ments on omnirange receivers . 
Measure and adjust low voltage 

power supplies.'.. 

Bench test and align ADF equip¬ 
ment. 

Bench test and calibrate radio 

and radar altimeters. 

Bench test and align TACAN. . . 
Repair and adjust automatic 
channel selecting and automatic 

tuning assemblies. 

Test and adjust TACAN beacon 
simulator. 


2.0 Knowledge Factors 

1. General characteristics of loran. 

2. General characteristics of ADF . 

3. General characteristics of 

TACAN. 

4. Procedures for plotting deviation 

curves for aircraft ADF configur¬ 
ation. 

E. AIRCRAFT COMMUNICATIONS EQUIP¬ 
MENT MAINTENANCE 

1.0 Practical Factors 

1. Perform routine preventive main¬ 

tenance, preliminary trouble¬ 
shooting, and minor repair on 
aircraft communications equip¬ 
ment . 

2. Repair and replace communica¬ 
tions antennas and feed systems . 

3. Set and adjust transceivers in 
accordance with frequency plans . 
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AVIATION ELECTRONICS TECHNICIAN 1 & C 


Qualifications for Advancement in Rating 


1.0 Practical Factors - Continued 

4. Make receiver squelch adjust¬ 
ments. 

5. Measure receiver sensitivity and 

transmitter power output. 

6. Determine percentage of modula¬ 
tion of transmitters. 

7. Make transmitter and receiver 

frequency calibrations. 

8. Perform alignment and tracking 
adjustments of transceivers . . . . 


Applicable Rates 
ATNl ATRIaTsIATWIAT 


2 

2 


2 


2.0 Knowledge Factors 

1. Distress communications fre¬ 
quencies and procedures . 

2. Communications antenna theory. 

3. Characteristics of induction 
field, radiation field, sky wave, 
ground wave, ground-reflected 
wave, ionospheric reflecting 
layers, skip distances, and maxi¬ 
mum useable frequency and their 
effects on communications . . . . 

F. AIRCRAFT RADAR EQUIPMENT 
MAINTENANCE 


2 

1 


1.0 Practical Factors 


1 . 


2 . 


3. 

4. 


5. 


6 . 

7. 


8 . 


9 . 


Perform routine preventive 
maintenance, preliminary trou¬ 
bleshooting, and minor repair on 

aircraft radar equipment. 

Check performance of identifica¬ 
tion equipment installed in air¬ 
craft. 

Energize radar equipment, set 
indicator controls, and adjust 
magnetron and crystal current . 
Measure system recovery time 
and determine minimum range . 
Measure and adjust low voltage 

power supplies. 

Adjust radar scope sweep length 
and sweep position; calibrate 
range marks , . , 


<-avity and repeller adjustme 
and adjust the automatic 

quency control. 

Measure receiver sensitivity 
transmitter power output . . 
Test antenna stabilization 
position control; adjust tilt < 
tr °l' azi muth drive, and 1 
control systems. 


3 


3-3 


3 


3 


3 - 3 

3—3 

3 - 3 

3 - 3 


2 

2 


2 
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Appendix X-QUALIFICATIONS FOR ADVANCEMENT IN RATING 


Qualifications for Advancement in Rating 

Applicable Rates 


ATN 

ATR 

ATS 

ATW 

AT 

1.0 Practical Factors - Continued 

10. Bench test and align identifica¬ 
tion equipment. 





2 

11. Test transmitter pulse trans¬ 
former, pulse forming network, 
and modulator; install magnetron 
and thyratron tubes. 





1 

12. Perform spectrum analysis . . . 

-- 

-- 

-- 

-- 

1 

13. Measure ground position stabili¬ 
zation resolver response and 
check for correct solution to 
simulated relative motion prob¬ 
lems. 





1 

2.0 Knowledge Factors 

1. Effects of various combinations 
of beam width, pulse length, pulse 
repetition frequency, scan rate, 
and power output relative to per¬ 
formance and applications of radar 
equipment. 





C 

G. AIRCRAFT ANTISUBMARINE EQUIP¬ 
MENT MAINTENANCE 

1.0 Practical Factors 

1. Perform routine preventive 
maintenance, preliminary trou¬ 
bleshooting, and minor repair on 
aircraft antisubmarine equipment 



3 



2. Set channel frequencies, check, 
and adjust sonobuoy receivers . . 

-- 

-- 

3 

— 

-- 

3. Install batteries and check sono- 
buoys. 


-- 

3 

-- 

-- 

4. Check for proper operation and 
calibrate dipping sonar recorders 

- - 

-- 

3 

-- 

-- 

5. Test and replace dipping sonar 

• - 

_ - 

3 

-- 

-- 

6. Make sensitivity tests and noise 
level measurements on MAD 
equipment. . . 


.. 

3 

_ - 

_ 

7. Adjust servo gain and orient mag¬ 
netometer of MAD equipment . . . 


-- 

-- 

-- 

2 

8. Align sonobuoy receivers. 



"" 



2.0 Knowledge Factors 

1. Elementary physics of underwater 



3 



2. Method of perm compensation of 
aircraft for MAD installation . . . 

— 

-- 

-- 

-- 

2 

3. Principles of MAD equipment 





1 
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AVIATION ELECTRONICS TECHNICIAN 1 & C 


Qualifications for Advancement in Rating 


Applicable Rates 


ATN I ATR | ATS IATWIAT 


H. AIRCRAFT ECM EQUIPMENT MAINTE¬ 
NANCE 

1.0 Practical Factors 

1. Perform routine preventive 

maintenance^ preliminary trou¬ 
bleshooting, and minor repair on 
ECM equipment. 

2. Calibrate pulse analyzers. 

3. Check crystal current of ECM 

tuners. 

4. Check and adjust ECM power 

supplies. 

5. Check and fill chaff dispensers . . 

6. Check and adjust ECM tuners . . . 

7. Bench test and align ECM equip¬ 
ment . 

8. Select and install ECM antennas . 

2.0 Knowledge Factors 

1. Radar band and radio frequency 
classifications. 

I. THEORY AND PRINCIPLES 

1.0 Practical Factors 

None. 

2. Knowledge Factors 

I*. Meaning of electrical and elec¬ 
tronic terms and units of meas¬ 
ure. 

2. Function and characteristics of 

electronic circuit parts. 

3. Principles of electron tubes, 

semi-conductors, and tran¬ 
sistors . 

4. Theory of a.c. and d.c.*electricity 
and principles of magnetism. . . 

. Principles of rectifiers, filters, 
and regulators in power supply 
circuits. 

6. Elementary physics of heat, light, 

sound, fluids, gases, and elec¬ 
tricity. 

I' °f bis'ic machines' ! 

• Principles of amplitude and fre¬ 
quency modulation. 

TnH nC1P * leS ° f electrom agnetic 
transfr* 1 ° n and application to 
eratf r ° s rmerS ’ m0t °^ “* 8-- 
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Appendix X—QUALIFICATIONS FOR ADVANCEMENT IN RATING 


Applicable Rates 


2.0 Knowledge Factors - Continued 


Principles and applications of 

heterodyning . 

Principles and applications of 
synchros and servo systems . . . 
Principles of detectors, ampli¬ 
fiers, and oscillators. 

Principles of phase inverters 

and cathode followers. 

Principles of LCR differentiating 

and integrating circuits. 

Principles of pulse and pulse¬ 
time modulation. 

Types and characteristics of 
computing elements used to solve 
mathematical relationships. . . . 
Principles and applications of 
gas filled and cathode ray tubes. 
Principles of resonant circuits, 
coupling circuits, and filter net¬ 
works . 

Principles of klystrons and mag¬ 
netrons . 

Operating principles of direction 
and attitude sensing elements, 
including gyros, compasses, and 

accelerometers. 

Principles and applications of 
limiter, clamper, counter, and 

discriminator circuits. 

Principles of sweep generators, 
gated amplifiers, and timing cir- 

cuits. 

Micro-wave techniques and op¬ 
erating principle s of wave guide s, 
cavities, crystal mixers, and 

transmission lines. 

Principles and applications of 
saturable core reactors and mag¬ 
netic amplifiers. 

Principles of impedance 
matching networks and devices . 
Characteristics of readout 
methods used with analog and 
digital computing systems .... 
Principles of infra-red detection 
Operating principles of micro- 
wave antennas, dish reflectors, 
and associated RF feeds and 
parasitic reflectors and direc¬ 
tors . 
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AVIATION ELECTRONICS TECHNICIAN 1 & C 


Qualifications for Advancement in Rating 


J. TEST EQUIPMENT 
1.0 Practical Factors 


ATN 


Applicable Rates 
ATR 


~KTS 


ATW 


TT 


1. 


2 . 


3. 


4. 


Select, use, and make minor re¬ 
pairs to test equipment used to 
measure voltage, current and re¬ 
sistance . 


3 


3 


3 3 


Select, use, and make minor re¬ 
pairs to signal generators and 

oscilloscopes. 

Analyze tests and measurements 
to be made on electronic equip¬ 
ment and determine most appro¬ 
priate test equipment to use. . . . 
Analyze test equipment defects 
and determine corrective action . 


2 


1 

1 


2.0 Knowledge Factors 


1. Theory and operating character¬ 

istics of basic electrical meas¬ 
uring instruments. 

2. Types and applications of general 

purpose electronics test equip¬ 
ment . 

3. Circuit loading effects of test 

equipment. 

Procedures for obtaining repair 
and calibration of test equipment. 

5. Electronics test methods and 
practices. 

K. DRAWINGS, SCHEMATICS, AND 
PUBLICATIONS 



1.0 Practical Factors 


1 . 


2 . 


3. 


4. 


5 . 


Use handbooks of maintenan 
and service instructions to loca 
and identify units of aircraft ele 

tronic equipment. 

Use electrical and electron 
schematics to trace circuits. . 
Follow pictorial diagrams a 
service instructions to di 
assemble, clean, and lubrica 
mechanical and electrical equi 

Use system block'diagrams,* da 
charts * and interconnect! 
tabies and diagrams in check! 
aircraft electronic equipment. 
Use mechanical, electrical, ele 
tromc schematics and drawin 
m the installation of changes a 
modifications. 6 


3 

3 


3 

3 


3 

3 


3 

3 


3 


3 


3 3 


2 


2 
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Appendix X—QUALIFICATIONS FOR ADVANCEMENT IN RATING 


Qualifications for Advancement in Rating 

Applicable Rates 


ATN 

ATR 

ATS 

ATW 

AT 

1.0 Practical Factors - Continued 

6. Complete electronics section of 
the Standard Aircraft Inventory 
Log on receipt or transfer of 
aircraft,. 





2 

7. Interpret mechanical, electrical, 
and electronic schematics and 
drawings and make simplified 
versions. 

i 

; 




1 

8. Use handbooks of maintenance and 
service instructions to determine 
performance specifications for 
making adjustments to aircraft 
electronic equipment. 





1 

2.0 Knowledge Factors 

1. Types and uses of information 
contained in handbooks of operat¬ 
ing, service, and maintenance 
instructions. 

3 

3 

3 

3 


2. Types and purposes of information 
found in electronics material 
bulletins and changes. 

L. AIRBORNE CIC OPERATION 

1.0 Practical Factors 

1. Operate airborne CIC radar equip¬ 
ment and remote indicators .... 

- - 

- - 

” “ 

3 

2 

2. Identify, classify, and track radar 
targets and report altitude, range, 
bearing, and relative motion and 
speed. 



“ ” ! 

3 


3. Maintain airborne CIC status 
boards and plots. 


- - 

_ 

3 

-- 

4. Operate airborne CIC voice com- 
munications equipment. 


- - 

-- 

3 

-- 

5. Solve maneuvering board prob¬ 
lems for course and speed, closest 
point of approach, and maneu- 
vering to new position. 


• - 


3 

-- 

2.0 Knowledge Factors 

1. Sea-air rescue procedures. 


-- 

-- 

3 

-- 

M. AIRBORNE CIC NAVIGATION 

1.0 Practical Factors 

1. Convert given positions into grid 
coordinates and transfer between 
different scales. 




3 
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Qualifications for Advancement in Rating 


IBJUI 

ATR 

ATS 

ATW A 


Applicable Rates 


1.0 Practical Factors - Continued 


2. Use dead-reckoning navigation to 
determine headings, drift, speed, 
time, and track; set and operate 

DRT. -- -- -- 3 

3. Make performance checks and 

operational adjustments of navi¬ 
gational computers. -- -- -- 3 

4. Identify radar land targets, com¬ 

pare to charts, and provide navi¬ 
gational and landing approach in¬ 
formation . -- -- -- 3 

5. Operate airborne ECM equipment 
to detect electromagnetic signals 
and obtain bearings and identify 

characteristics of signals. -- -- — • 3 

2.0 Knowledge Factors 

1. Interrelationship of airborne and 

and shipboard CIC operations. . . ------ 3 

N. ADMINISTRATION 


1.0 Practical Factors 


1. Identify electronics parts by no¬ 

menclature and stock number and 
prepare supply requisition to ob¬ 
tain replacement. 

2. Use NAVAER Publications Index 

to locate, identify, and obtain 
technical publications, directives 
and manuals. 

3. Identify and order tools, equip¬ 
ment, and material. 

4. Maintain custody records and con¬ 
duct inventories. 

5. Supervise the use, filing,’ ’and 

maintenance of publications, logs, 
and records.. 

6. Organize and supervise facilities 

or repair and maintenance of 

7 f lr p raft electr °nic equipment. . . 

(• Maintain aircraft electronic s con - 
iguration and status records . . . 

. Supervise inspection procedures 
to insure that applicable technical 
pecifications and standards of 
workmanship are met. 

2.0 Knowledge Factors 


1 . 


Stauda^ organization and mainte- 

souadrn proce ^j ure s of aircraft 
«vWe 8 and mai "'““ce ac- 


1 


1 

1 

1 

c 

c 

c 


c 


1 
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Appendix X—QUALIFICATIONS FOR ADVANCEMENT IN RATING 


Qualifications for Advancement in Rating 

Applicable Rates 



ATR 

ATS 

ATW 

AT 

2.0 Knowledge Factors - Continued 

2. Types of purposes of FUR’s .... 





1 

3. Type8 of information contained in 
aeronautical technical publica¬ 
tions pertaining to aircraft elec¬ 
tronic material and equipment . . 





1 

4. Interpretation of source codes in 
parts catalogs. 

— - 




C 

5. Procedures for surveying ac¬ 
countable materials. 

-- 

-- 

-- 

-- 

C 
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Abbreviations and symbols, 515-516 
Acceptors, impurity, 333 
Accountability symbols, 29-30 
Adders, 424-426 
Advancement: 
in rating, 1, 9 
qualifications for, 9 

AFC. (See Automatic frequency control.) 
Airborne TV: 

block diagram, 410 
characteristics, 409-410 
Alphabet, Greek, 517 

Altitude data transmitter (Doppler), 453 
Amplifier (as limiter), 91 
Amplifiers (television): 

IF, 382-384 
RF, 380-381 

Analog-digital conversion, 431 
AN/ARC-52 UHF transceiver: 
block diagram, 439 
flexibility, 434-436 
injection oscillator, 440 
major components, 434 
microphone input circuits, 441-442 
modulator, 442 
operation, 436 
power requirements, 438 
pressurization, 438 
RF power amplifier, 442-444 
test equipment, 444 
tone oscillator, 441-442 
tuning system, 436-438 
AN/AQS-4D, 461-463 
AN connectors, testing of, 480-481 
AND circuits, 421 
Anomalous propagation, 186-187 
Answers to quizzes, 534 
Antenna arrays: 

interconnections, 285 
types: 

broadside, 281 
collinear, 282 
end-fire, 282 
parasitic, 282-285 
Antennas: 

cone, 299-301 
corner reflector, 297-299 
ground -plane, 291-293 
horn, 301-302 
polyrod, 302-303 


skin, 297 
sleeve, 290 
slot, 293-297 
television, 376-380 
UHF broadband, 289 
Antenna site, 187 
Antihunt devices: 

derivative taking antihunt network, 317 
high-speed, 315-317 
inertia dampers, 315 
limiter-type, 315 
mechanical friction method, 315 
ARC-52, 439 
Atomic structure, 332 
Automatic frequency control (AFC): 
beacon, 165 

block diagram (typical), 163 
classification, 162 
discriminator, 164 
thyratron, 164 

Aviation Supply Office (ASO), 27 
cognizance control, 27 
fleet control, 27 
Illustrated Parts Breakdown, 29 
ordering parts, 27 

Azimuth stabilization servo, 319-322 

Balanced crystal mixers, 275-278 
Band-pass requirements, television, 372-373 
Beam width, 188 

Bearing, true versus relative, 322-323 
Bends in waveguides, 211 
Bistable multivibrator, 139-140 
Blanking signals, television, 375-376 
Blocking oscillator: 
driven, 156 
pulse sharpener, 157 
single-swing, 154 
synchronized, 156 
Bootstrap circuit, 113 
Broadside array, 281 
Brush contouring device, 478-480 
Bulletins, 39 

Capacitor: 

circuit response, 71 

discharge, 48-53 

in RC circuits, 44-82 

phase shifting, 74 

rate of charge, 48-50, 56-57 
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Cascade amplifiers (transistorized): 
push-pull, 357-360 
single-ended connections, 356 
Cathode-coupled multivibrator: 
analysis, 143 
free-running, 141 
monostable (one-shot), 141 
operation, 140 

varying circuit elements, 145 
Cavity resonators: 
excitation, 221 
fields, 220 
uses of, 223-226 
varying frequency of, 222 
Charging rate: 

capacitor, 48-50, 56-57 
inductor, 64-68 
Circuit response, 71 
Clamper (d-c restorer): 
diode clamper, 101 
grid clamping, 104 
synchronized clamping, 105 
Classes of maintenance, 10-12 
Clipper (limiter), 87-91 
Closed-circuit television, 404-408 
Coaxial line, 228 

Codes used with binary arithmetic, 416-418 
(See also Computer.) 

Coil, Helmholtz, 76 
Coincidence (AND) gates, 421 
Collmear array (antennas), 282 
Computer fundamentals: 
codes, 416-418 


computer language, 415 
element functions, 418 
memory, 418-428 
Computer memory: 
core type, 428 


Conduction through semiconductors 332 
Cone antenna, 299-301 

Contouring device (brushes), 478-480 

Control, inventory, 30 

Core: 


use as memory element, 428 
Corner reflector, 297-299 
Cosecant-squared reflector, 288 
Cosines, table of, 526 
Counters (frequency-dividers)- 
analysis, 160 
negative counter, I 59 
positive counter, 158 
step-by-step, 160 
Counting by flip-flop, 427 


Coupling, multivibrator- 
cathode, 140-145 
plate, 127-136 


Crossing angle (waveguide), 203-206 
Crystal diode limiter, 90 


Crystal mixers: 

balanced, 275-278 
single-ended, 272-275 


Data-transmission systems, 302-309 
D-c restorer (clamper), 101 
Definitions. (See Glossary.) 

Deflection system, television, 397-398 
Delay circuits: 

monostable multivibrator, 141-147 
phantastron, 148-153 
Delay systems; 
delay line, 170 

coding circuit, 172 
coding circuit analysis, 172 
PPI application: 

phantastron delay, 170 
RC delay, 169 

Derivative taking antihunt network, 317 
Detector, video (television), 384-386 
Differentiators and integrators: 
types of input: 

miscellaneous, 60 
sawtooth, 60 
sine wave, 59 
square wave, 59 
Diffraction, 181 
Digital-analog conversion, 431 
Digital computers, 413-431 
application, 431 
(See also Computers.) 

Diode: 

crystal, 90 
double, 91 

gates (computers), 420-421 
limiter, parallel, 87 
limiter, series, 87 
Diode bridge discriminator, 312-314 
Directional couplers, 218 
Discipline, 5 
Discriminator, phase: 
diode, 310 

full-wave diode bridge, 312-314 
triode, 311 

Distribution amplifiers, television, 406-4 
Diurnal variations, 183 
Donors, impurity, 333 
Doppler: 

altitude data transmitter, 453 
amplifier assembly, 450 
circuitry: 

liquid-cooled tube, 452 
drift angle indicator, 452 
navigation, 444-450 
Doppler’s principle, 445-446 
Drift angle indicator. (See Doppler.) 
Driven antenna arrays: 
broadside, 281 
collinear, 282 
end-fire, 282 
parasitic, 282-285 
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Driven multivibrator: 

275 bistable (flip-flop), 139-140 

monostable (one-shot), 138-139, 141-147 
Drum, memory, 418 
tes.jfclDuplexer systems: 

)JI hybrid, 230 

ary.) microwave coaxial line, 228 

risk.!'Duties of leading petty officer: 

shop administration: 
rator,it inspection, 20 

I job priority and scheduling, 19 

training: 

materials and methods, 21-22 
l nonscheduled training, 23 

ly S!5j planning, 20 

records and schedules, 22-23 

no 

Echo receiving (sonar), 462 
:Mm j Electric field, 197-199 
n j Electromagnetic: 
im deflection (television), 397-398 

excitation of waveguide: 
electric field, 209 
magnetic field, 210 
fields in space, 178 
radiation: 

ionospheric effects, 181-182 
sunspots, 182 

Electronic terms and definitions, 510 
End-fire array, 282 
Excitation of waveguides: 
electric field, 209 
electromagnetic field, 210 
magnetic field, 210 
Exponents, laws of, 522 

21 

Federal Stock Catalog, 26 
Navy prefix, 26 
112 - 1 “ Federal Stock Number, 26 

Ferrite core memory element, 428 
Field: 

electric, 197-199 
electromagnetic, 178-182 
*11’ Flicker, television, 374-375 
Flip-flop (flopover), 140 
;i£ ! " Followup synchro, 329 
Forms: 

NavAer 5230, 17 
NavAer 5230A, 18 
1 NavAer 5230B, 18 

Forms and procedures, 17-19 
aircraft status board, 19 
maintenance instruction, 17 
work order and accomplishment record, 18 
work request, 18 
work status report, 19 
f.l Formulas, 518 

Frequency bands, 185 

Frequency dividers. (See Counters.) 

Frequency effects in waveguides, 196 

Frequency meter (UPM-32), 493-499 


Frequency spectrum, 504 
Frequency, sweep (television), 372 
Functions, trigonometric, 523 

Gating circuits, 420-421 
Generator, time base, 106-116 
Glossary of terms, 510 
Greek alphabet, 517 
Grid: 

clamping, 104 
limiting, 91 

Grounded base transistor circuits, 342-344 
Grounded collector transistor circuits, 346 
Grounded emitter transistor circuits, 344-346 
Ground-plane antenna, 291-293 
Groundspeed and drift angle indicator, 452 
Groundspeed computer (Doppler), 452 
Ground wave propagation, 183 
Grown-junction, 338 
Gyroscope unit, 326-328 

Hard tube sweep generator, 111 
Hartley oscillator (transistorized), 360-361 
Height-finding, radar, 453 
Helmholtz coil: 

magnetic field, 76 
rotation, 76 

High-speed antihunt device, 315-317 
High-voltage supply, television, 398-399 
Hole injection, 336 

Horizontal sweep frequency, television, 372 
Horn antenna, 301-302 

Impurity donors and acceptors, 333-337 
Inductance of leads, 236 
Induction-motor servosystem, 314 
Inductor: 

charge and discharge, 64-68 
circuit response, 71 
in RL circuits, 44-76 
phase shifting, 76 
time constant, 64 
Inertia dampers, 315 
Information, sources of, 39 
Inhibitor circuit, 423 

Injection oscillator, AN/ARC-52, 440 
Interelectrode capacitances, 235-236 
Interlaced scanning, 403 
Inventory: 

control, 30 
logs and records, 35 
returns, 32 
source codes, 31-32 
Ionosphere: 

irregularities, 182 
meteorite trails, 182 
variations due to sunspots, 182 
Irregularities in the ionosphere, 182 

Junction transistors, 338 

Keying circuits (sonar), 463 
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Klystron: 

modes of operation, 264-267 
modulation circuits (UPM-32), 503 
thermal tuning, 267 

Language of the digital computer, 415 
Laws of exponents (math.), 522 
Leadership, 4 

Leakage indication (sonar), 469 
Lighthouse-tube oscillator: 
equivalent circuits, 239-241 
feedback, 241 
plate tuning, 241 
Limiter (clipper): 

amplifier tubes, 91 
bias, 89 
cutoff, 93 
diode, 87-91 
grid, 91 
saturation, 92 

Limiter-type antihunt device, 315 
Line-pulsing modulator, 260-262 
Load line, transistor, 347 
Logarithms, 532 
L/R time constant, 64 


Magnetic field: 

effect on electron flow, 252 
Helmholtz, 76 
waveguide excitation, 210 
Magnetron oscillator, 250 
Maintenance: 

Illustrated Parts Breakdown 29 
instructions, 17 
logs and records, 35 
ordering parts, 27 
(See also Supply.) 

organization, 10-12 
reports: 

EFR, 32 
FUR, 32 
usage data, 34 
Manual-tilt control, 329 
Marker system (radar)- 
fixed, 174 
movable, 174 

Material Reliability Program- 
EFR, 32 
FUR, 32 


preparing request, 37 
sample form, 36 
Matter, atomic structure, 332 
Mechanical friction antihunt, 315 
Memory, computer: 


core type, 428 
drum type, 418 
Memory drum, 418 
Meteorite trails, 182 
Microwave coaxial li n 
Military duties; 
leadership, 4 
supervision, 5, 6 


e 


228 


Military requirements, 9 
Mixers, television, 381-382 
Modes in a waveguide, 206 
Modulators: 

pulsing of, 260-262 
types, 258-260 
Monopulse technique, 456-459 
Monostable multivibrator: 
cathode-coupled, 141-147 
plate-coupled, 138-139 
Multicavity-type magnetron: 

modes of oscillation, 253-254 
modulating the magnetron, 256-258 
operation of, 250 
Multivibrator: 
bistable, 139 
cathode-coupled, 140 
circuits, 136-137 
plate-coupled, 127-136 
synchronization, 132-135 
negative pulse, 135 
positive pulse, 134 
sine wave, 132 
submultiple frequency, 135 

Navigation. (See Doppler.) 

Noise interference: 
sources of, 474-475 
suppression of, 476-478 
NPN circuit, 339 

OR circuits, 420-421 
Oscillators: 

blocking, 154-157, 395 
Hartley, 360-361 
phase-shift, 82 
push-pull, 241-245 
relaxation. (See Multivibrator.) 
television, 381 
thyratron, 108 
TPTG, 241-243 
triode, 246-250 
ultraudion, 283 
Wein-bridge, 79-81 

Parabolic reflector: 

cosecant-squared, 288 
spoilers, 288-289 
Parasitic arrays, 282-285 
Peaking circuits, 95 

Personnel relationship, 5-6 g 

Phase adjustments (servomechanism). 
Phase discriminator: 
diode, 310-314 

full-wave diode bridge, 312-314 
triode, 311 
Phase shifting: 

phase-splitting, 74 
RC circuits: 

phase relations, 74 
response, 74 
RL circuits, 76 
Phase-splitting, 74 
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**’! ‘late-coupled multivibrator: 

circuit operation, 128 
' e ' ” improving circuit action, 136 
quantitative analysis, 130 
synchronization, 131 
>N junction, 335 

•>456-45? J NP characteristics, 339-341 

rator: J oint-contact transistor, 334 

Hl-Hl 3 olyrod antenna, 302-303 

8-139 3 ower: 

jietrot gain, 338 

on, IM relation, 188 


petnuPractical factors, 9 
Praise and censure, 5 


PRF. (See Pulse repetition frequency.) 
Professional duties, 6-7 


W Professional requirements, 9 
Programming, computer, 420 
130 Propagation of radio waves, 178-191 
2.]35 Publications: 

35 aircraft inventory record, 35 

34 BuSandA Manual, 32 

cataloging (supply), 25 

1{D ^U Handbook of Installation Practices, 40 

Handbook of Inspection Requirements, 40 
, Illustrated Parts Breakdown, 29 

Naval Aeronautic Publications Index, 41 


Navy Stock List, 27, 28 
specifications and standards, 38 
standard inventory log, 35 
Pulse-forming networks, 257 
Pulse generator (UPM-55), 486 
Pulse repetition frequency (PRF), 188 
Pulse transformer, 258 
Pulse transmission, 462 
Pulse width, 187 


Pulsing of triode oscillators: 

(See also Oscillators.) 
self-pulsing, 246-248 
separate modulators, 248-250 


Qualifications for advancement: 
military, 9 
practical factors, 9 
professional, 9, 536 
Quizzes, answers to, 534 

Radar: 

antennas, 281-289 
APS-82, 453 
range considerations: 
beam width, 188 
power relation, 188, 189 
PRF, 188 
pulse width, 187 
recovery time, 228 
relay link transmission, 456 
time base, 113 
troubleshooting, 481-482 
Radiation, 237 

Range considerations, radar: 
beam width, 188 


power relation, 188-189 
pulse repetition frequency (PRF), 188 
pulse width, 187 
Rating, advancement in, 1 
RC and RL networks, 44 
RCG/TVG circuits, (sonar), 460 
RC time constants, 48, 56, 57 
Receiver-transmitter (Doppler), 447-449 
Recovery time, 228 
Reflection, 179-181 
Reflector, antenna: 

cosecant-squared, 288 
parabolic, 286-289 
Refraction: 

ionospheric, 180, 181-182 
of electromagnetic waves, 179-180 
Relative bearing, 322-323 
Relay-link transmission (radar), 456 
Reports, reliability: 

AMPFUR, 34 
EFR, 32 
FLIGA, 33 
FUR, 32 

Re si stance-capacitance oscillators: 
phase-shift, 82 
Wein-bridge oscillator: 
analysis, 80 
applications, 81 
typical circuit, 79 
Resolver, synchro, 328 
Resonators, cavity, 220-226 
Response, circuit: 

RC and RL circuits, 71 
triangular wave input, 71 
Restorer, d-c. (See Clamper.) 

RF oscillators: 

UPM-32, 498 
UPM-55, 483 

Saturation limiting, 92 
Sawtooth waveform, 71 
Scanning, television, 371-372, 403 
Scatter of radio waves, 181 
(See also Ionosphere.) 

Screening: 

returns of material, 32 
RFI materials, 32 
Search mode (radar), 453 
Servicing transistor techniques, 362-363 
Servoamplifier, 309, 328 
Servomechanisms, 305-330 
adjustments of, 318-319 
applications, 319-322 

components (electromechanical), 306 
terms, 306 
Servomotors, 309 
Shop administration: 
inspections, 20 
schedules, 19 

Sideband, vestigial (TV), 382 

Signal data converter (Doppler), 450-452 

Sines, table of, 526 
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Single-ended crystal mixers, 272-275 
Skin antenna, 297 


Skin effect, 237 
Sky wave; 

propagation of, 183-185 
versus frequency, 185 
Sleeve antenna, 290 
Slot antenna, 293-297 
Sonar (circuit analysis): 
circuits: 

indicator, 468 
keying, 463 
RCG/TVG, 466 
receiver, 465 
training control, 467 
transmitter, 463 
leakage indication, 469 
transducer, 464 
Sonar operation, 461-463 
Sound systems, television: 
audio detector, 401-403 
intercarrier, 401 
split-sound, 400 

Sources of interferences, 474.475 
Spectrum analysis, 504-506 
Spectrum-analyzer operation (UPM-32) 494 
Spectrum theory and analysis of: 

application of principles to a pulsed 
cillator, 504 

practical value of analysis, 504-506 
principles, basic, 504 
Spoiler, antenna, 288-289 
Squadron organization, 17 
Square-wave generator, 127 
Squaring and peaking, 95 
Storms, ionospheric, 182 
Subtracting in computers, 426 
Sunspots, 182 

Superhet AM radio receiver, 361-362 
Supervisory techniques, 5-6 

Supply; 

accountability, 29-30 
catalog, 26 
inventory, 30-35 
number, federal, 26 
ordering, 27 
prefix, Navy, 26 
returns, 32 


27 


Supply Office, Aviation (ASO), 
cognizance control, 27 
fleet control, 27 

Illustrated Parts Breakdown, Z 9 
ordering parts, 27 
Supporting activity: 
branches, 12-16 
management, 13 


organizational chart, 13 
planning, 14 
production, 16 


quality control, 15 


Sweep circuits, television: , 

blocking oscillator, 395-396 ' 

multivibrator, 396-397 
Sweep frequency, television, 372 
Sweep generator, 120 
Sweep-time calibration (UPM-55), 489 
Switching devices, 256 
Symbols, accountability, 29-30 
Symbols and abbreviations, 515 
Synchronization: 
clamping 105 
multivibrator, 131-135 
thyratron, 110 

Synchronizing signals, television, 375 
Synchronizing, television: 
pulse forms, 391-394 
sync separators, 390-394 
Synchroscope operation (UPM-32), 495 

Tables, trigonometric, 526 
Tangents, table of, 526 
Target height geometry (radar), 459 
T elevision: 

airborne, 409-410 
amplifiers: 

distribution, 406-408 
IF, 382-384 
RF, 380-381 
closed circuit, 404-408 
scanning, 403 
sound systems, 400-403 
vertical detail, 374 
weathervision, 405-408 
Terminating a waveguide, 215-218 
Test equipment: 

UPM-32, 489-507 
UPM-44B, 459-460 
UPM-55, 483-489 
Tilt stabilization: 

followup synchro, 329 
gyroscope unit, 326-328 
manual-tilt control, 329 
resolver synchro, 328 
servoamplifier, 328 
Time base generators: 
bootstrap, 113 
hard tube, 111 
radar circuit, 113 
thyratron, 108-111 
trapezoidal, 120-124 
Time constant: 

L/R, 64 
RC, 48 

universal chart, 51 
universal curves, 50 
T-junctions in waveguide, 214-215 
T raining: 

courses, 2 
materials, 21 
methods, 21 
nonscheduled, 23 
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. -ansducer (sonar), 464, 467 

'ransient and nonsinusoidal voltages: 

... ... analysis, 44 
, 1Iy ' peaked waves, 48 
utMi- sa wt 00 th (triangular wave), 47 
square wave, 45 
ransients in RL, circuits: 
charge and discharge, 64, 65 
time constant, 64 

s,leieri: effect of varying R and L, 67-68 

Sion; values of current and voltage, 70 
ransient voltages in RC circuits: 

390-ff capacitor discharge through resistance: 
onp-. RC time constant, 48 
solving problems, 53 
values of voltage, 49 
1 curves: 

1 rough approximations, 49 

jlrati' universal time constant, 50 

ransistors: 
amplifiers, 341 
circuitry analysis: 
bias, 348-352 
capacitors, 352 
load line, 347 

(08 load resistance, 348 

voltage and current distribution, 352-356 
!03 circuits (basic): 

grounded base, 342-344 
18 grounded collector, 346 

grounded emitter, 344-346 
power supplies, 363 
principles: 

atomic structure, 332 


conduction through semiconductors, 332 
impurity donors and acceptors, 333 
valence bonds, 332 
Transit time, 236 

Transmission lines, television, 380 
Trapezoidal waveshape: 
analysis, 118 
description, 116 
Triangular waves, 71 

Triggered multivibrator. (See Driven multi¬ 
vibrator.) 


Trigonometry: 
functions, 523 
tables, 526 
Triode oscillators: 


lighthouse-tube, 239-241 
push-pull, 241-245 
ultraudion, 238 

Triode phase discriminator, 311 
TR tube, 228 


True bearing, 322-323 

Tuned-plate tuned-grid oscillator, 241-243 

UHF receivers, 268-272 
Ultraudion oscillator, 238 
Universal time constant curves, 50, 51 
UPM-32, 491-507 
alinement, 507 

blanking and intensifying, 503 
DBM attenuator, 497 
maintenance, 506 
UPM-44B, 459-460 
UPM-55, 483-489 

Usage data, 34 

Vacuum tube characteristics: 

external circuit limitations, 237-238 
inductance of leads, 236 
interelectrode capacitances, 235-236 
overcoming tube limitations, 236 
transit time, 236 
Valence bonds, 332 
Velocity-modulated tubes: 

klystron thermal tuning, 267 
modes of operation, 264-267 
theory of operation, 263 
Video amplifier, television: 
design problems: 

d-c restorers, 387-390 
frequency distortion, 386-387 
phase distortion, 387 
detector, 384-386 
IF, 382-384 
vestigial sideband, 382 
intercarrier system, 383, 384 

Wavefronts, 178 
path of, 203 
Waveguide: 

advantages, 194 
bends in, 211 
crossing angle, 203-206 
disadvantages, 194 
excitation, 208-210 
frequency effects, 196 
joints, 212-213 
matching, 215 
modes, 206 
RF system, 230-232 
theory, 194-196 
T-junctions, 214-215 
Weathervision (TV), 405-408 
Wein-bridge oscillator, 79-81 
Wind computer (radar), 454 
Wire table (appendix I), 509 

Zener diode, 364-368 
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